













MAY, 1935 


The Journal 


of 
Laboratory and Clinical 


Medicine 


WARREN T. VAUGHAN, M.D., EDITOR 
808 Professiona] Building 
Richmond, Va. 


















ASSOCIATE EDITORS 
Pharmacology Tuberculosis 
DENNIS E. JACKSON, M.D. GERALD B. WEBB, M.D. 
University of Cincinnati, Cincinnati Cragmor Sanatorium, Colorado Springs 













Clinical Pathology 






W. C. MacCARTY, M.D. T. B. MAGATH, MD. 
Mayo Clinic, Rochester, Minn. Mayo Clinic, Rochester, Minn. 
VICTOR C. MYERS, Px.D. RUSSELL L. HADEN, MD. 





Western Reserve University, Cleveland 





Cleveland Clinic, Cleveland 








| Biochemistry Experimental Medicine 
i 






Immunology 


JOHN A. KOLMER, M.D. ROBERT A. KILDUFFE, M.D. 
Temple University, Philadelphia Atlantic City, N. J. 










Internal Medicine Bacteriology 
GEORGE HERRMANN, M.D. M. H. SOULE, Sc.D. 
University of Texas, Galveston University of Michigan, Ann Arbor 
Metabolism Surgery 
CLIFFORD J. BARBORKA, M.D. DEAN LEWIS, M.D. 





Northwestern University, Chicago 






Johns Hopkins University, Baltimore 


PUBLISHED By THE C. V. Mossy Company, 3523-25 Purse Buivp., St. Lovis 





Entered at the Post Office at St. Louis, Mo. as Second Class Matter. 
Copyright 1935, by The C. V. Mosby Company 




















Ext! LILLY AND COMPANY 


FOUNDED 1876 


Makers of Medicinal Products 


SURGERY 
Jn Diabetes 





Before Insulin the inability to pro- 
tect the diabetic from serious med- 
ical complications made surgical 
operations inadvisable except in 
the more urgent cases. Today the 
diabetic patient, under proper die- 
tetic control and treatment with 
Insulin, stands surgery almost as 
well as the nondiabetic. 

Fetin (Insulin, Lilly) is supplied through 
the drug trade in 5 cc. and 10 cc. vials. 


Prompt Attention Given to Professional Inquiries 


PRINCIPAL OFFICES AND LABORATORIES, INDIANAPOLIS, INDIANA, U.S.4 





The Journal of 
Laboratory and Clinical 
Medicine 


May, 1935 


CLINICAL AND EXPERIMENTAL 


BLOOD GROUPS, THEORY AND MEDICOLEGAL APPLICATION* 


Prinie Levine, M.A., M.D., Maptson, Wis. 


’ THE past few years much progress has been made in the study of blood 


groups and individual differences of human and animal blood, It is, there- 
fore, essential for the practicing physician to acquaint himself thoroughly with 
the more recent advances in this field which have a bearing not only on the prae- 
tice of medicine, but also with those aspects of the subject dealing with exclusion 
of paternity and examination of blood stains in eriminal eases. 
The first observations on the existence of individual differences of human 
blood were made as far back as 1900 by Landsteiner.?. An aceurate deseription 
of the blood groups and their bearing on the outcome of successful transfusion, 


was viven by Landsteiner.t 
THEORY OF THE FOUR BLOOD GROUPS 


e scheme of the four blood groups, as is well known, results from the 


distribution of two agelutinable substanees A and B in the cells, and two cor- 


responding ag 


elutinins in the serum. The arrangement of the groups ean be 
readily verified in tests made with the serums of about 12 to 20 individuals on 
the e.rresponding cells. In such ‘‘cross tests,’’ preferably made in small test 
tubes, ihe 4 blood groups are readily characterized by considering both the re- 
actions of the red cell and also the corresponding isoagglutinins. Thus the Group 
0 (Lo° Jansky, IV of Moss) is defined by a cell which does not react with any 


m the Department of Pathology and Bacteriology, University of Wisconsin. 
ived for publication, October 22, 1934. 


\merica the earliest references to blood groups and transfusion are found in papers 
(J.A.M.A. 48: 1739, 1907: J. Infect. Dis. 4: 297, 1907). Ottenberg mentions the 
patibility test prior to transfusion in a paper in the Annals of Surgery 47: 486, 1908. 


78) 
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serum, and by the existenee of agglutinins in the serum which agglutinate the 
cells of the 3 other types. This is the so-called universal donor, since its eell, by 
virtue of its inagglutinability can be injected intravenously, as a rule, into per- 
sons of any group with impunity. This type, which in the white race is found 
in about 40 to 50 per cent of all individuals, is to be contrasted with a much 
‘arer type (3 per cent), Group AB, which eell is agglutinated by the serums of 
all other individuals and whose serum contains no agglutinins. Such individuals 
are the so-called universal recipients (Group IV Jansky, I Moss), since they will 
accept generally intravenous injections of any cells by virtue of lack of 
agglutinins. The two remaining types of blood (Groups A and B) are ‘‘eross- 
specifie,’’ since the serum of the one type will agglutinate the cell of the other 
and vice versa. 

The two can be differentiated by their varying frequencies in the white 
population, the A type occurring more frequently (40 per cent for A, and 10 to 
15 per cent for B). 

The relationships of the four blood groups, as well as the various terminol- 
ogies, are summarized in Table I. While the terminologies of Moss and Jansky 
are still being employed in many hospitals, the nomenclature by letter has the 
very decided advantage since the group is identified by the agglutinable property 
present in the red blood cell. It must be pointed out that the grouping by 
letters has been recommended by a special health committee of the League of 
Nations and also, by the American Association of Immunologists. In order to 
avoid confusion, and until hospitals agree to use the Landsteiner classification, 
physicians must acquaint themselves with the three nomenclatures. 


TABLE I* 


AGGLUTININS IN SERUM OF GROUP seater RED BLOOD CELLS OF GROUP 
JANSKY MOSS LANDSTEINER oO A B AB 
I IV Oo Anti-A 0 
Anti-B 
I] II A Anti-B 0 
III IT] B Anti-A 0 


IV I AB 0 0 


*+ indicates agglutination. 
0 indicates absence of agglutination. 


The elements in the serum, the isoagglutinins, are generally identified by the 
Greek letters a and B or the corresponding terms anti-A, and anti-B. 


The proof for the theory of 2 agglutinable substances isoagglutinogens and 
. Pr Pr 


two corresponding agglutinins was furnished many years ago by Landsteiner. 
Accordingly blood cells of Group A remove isoagglutinin anti-A but not anti- 
B from serum 0; isoagglutinin anti-B is specifically absorbed by bloods co tain- 
ing isoagglutinogen B; both antibodies are absorbed by blood cells of (:roup 
AB. (This technic is carried out by allowing one volume of serum to mix with 
one-half volume of packed and washed red blood cells for a short time and Te 
peating the process if the absorption is incomplete. Tests for the complc'eness 
of the absorption are made by adding, in small tubes, one drop of the clea 
supernatant fluid to one drop of a 214 per cent suspension of washed blo: 4.) 
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As is well known the blood group of any individual can be readily deter- 
mined by using as reagents serums of Groups A and B (Table I, lines 2 and 
3). The technic of performing the tests is very simple, since the reactions, as a 
rule, are powerful, and withstand considerable dilution; they are stable over a 
range of temperature beyond 37° C. Nevertheless there are a number of 
phenomena which may cause confusion, particularly pseudoagglutination, cold 
agglutination, and the so-ealled atypical agglutination exhibited by about 3 per 
eent of all human serums.* ° 

Pseudoagglutination or rouleaux formation is due to the existence of a sticky 
substance in the serum of pregnant women or in patients suffering from certain 
infectious diseases, i.e., tuberculosis, pneumonia, and rheumatic fever. When 
observed in the test tube, the phenomenon is characterized by a rapid sedimenta- 
tion of the cells; on examining such blood under the microscope, intense rouleaux 
formation is observed which in some cases may closely simulate typical isoag- 
glutination. This form of agglutination does not withstand even mild dilution, 
and in order to avoid errors attributable to pseudoagglutination, it is usually 
sufficient to dilute the stock grouping serums in performing the test. 

The difficulties incidental to cold agglutination are not so serious, because 
the cold agglutinins are rarely operative under the usual conditions of carrying 
out blood grouping tests, i.e., room temperature. 

Errors in blood grouping undoubtedly have been made because the group- 
ing serums employed had agglutinins other than anti-A or anti-B acting at 
room temperature on blood cells irrespective of the groups. A systematic in- 
vestigation of serums containing these atypical agglutinins has established the 
following facts. Although the reactions are distinet at room temperature, they 
are, as a rule, much weaker than those of typical isoagglutination; with few 
exceptions, they disappear if the tests are allowed to remain at 37° C. These 
reactions do not apparently play any significant réle in the selection of donors 
for transfusion or in posttransfusion reactions. The specificity of the most 
common atypical agglutinins are such that they define the so-called subgroups 
A' and A? (agglutinins anti-A’ and anti-A?) and another factor ealled P. Brief 
mention of these factors will be made below. 

In order to avoid these confusing reactions, serums containing atypical 
agglutinins should not be used as testing serums. Actually there is no difficulty 
in determining the group of such serums since the abnormality exists only in the 
serum, the corresponding red cell behaving in a normal manner. The occurrence 
of these atypical agglutinins and also the cold agglutinins is evidence for the 
assumption that there exists a great variety of individual blood differences, aside 
from the classical four blood groups. 


he isoagglutinable properties A and B are not confined to the blood cells, 


but have been shown to be present in sperm cells® and in the cells of many organs 
such .s liver, kidney, and lung, but not in the brain.” 
demo: strated directly by the agglutinin reaction on account of the difficulty of 
obtaining uniform suspension of organ cells, but rather by a capacity of these 
organ cells to absorb specifically isoagglutinins anti-A or anti-B. By means of 
specifi. inhibition of the isoagglutinin reaction, group specific substances have 


8 


This effect cannot be 
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been demonstrated in serum, urine, saliva, and seminal fluid. This specifie re 
action of soluble body fluids and isoantibodies is important from a theoretical! 
point of view, since solutions are available to study the chemical properties of 
the group specific substances in these fluids, and some preliminary results by 
Schiff,® Freudenberg’® and Landsteiner™ indicate that not proteins, but earbohy- 
drates are present in the active substance.* Studies with urine or saliva are 
particularly convenient on account of the difficulty of extracting completely all 
the active material from red blood eells. 

Brief mention will be made later of the medicolegal application of the facts 
stated above (see p. 794). 

The Factors A and B in Transfusion.—The role of the blood groups in the 
successful outcome of transfusion was thoroughly established as a result of the 
ample experiences acquired during the Great War and confirmed in the period 
following the War. Large series of cases are available which show that trans- 
fusion with compatible blood carried out with any of the recognized methods, 
is a perfectly safe operation. On the other hand, except in those comparatively 
rare combinations of poorly agglutinable blood cells and weak isoagglutinins 
in the patient’s serum, accidental transfusion of incompatible blood even in 
comparatively small quantities results in immediate violent reactions which are 
frequently fatal.t 

Nowadays the selection of a compatible donor in the larger communities 
should be made much easier by organization of donor agencies, preferably in 


connection with a large university hospital, or the local medical society which 


lays down certain necessary and obvious requirements dealing with periodic 


examination of donors, frequency of donating blood, and price of blood. 

Lists of donors of all 4 groups are readily available so that, knowing the 
group of the patient, all that is required is a selection from the list of a donor 
of the same group, followed by a suitable direet cross matching of blood of donor 
and patient. This additional procedure is essential, since it serves at the sam 
time also as a control of the blood grouping test made with the stock grouping 
serums. This order of the procedures, namely, first a blood grouping and then a 
direct matching, is preferable, otherwise it may be necessary to call several pros- 
pective donors before one is found whose blood is compatible as shown by th 
direct matching. 

There has been much diseussion both for and against the use of Group 0 
individuals as universal donors for patients of all groups. Undoubtedly rare 
Group O individuals exist with unusually active isoagglutinins anti-A or anti-B 
or both (dangerous universal donors’ **), and while there is no reason to believe 
that injection of the previously washed inagglutinable blood O eells into any in- 
dividual will be harmful, clinical experience supports the view that the inj: ction 
of active agglutinins may not be entirely harmless. In a well-organized «onor 
agency, not only should the blood cells be studied, but also the potency |‘ the 
agglutinins ought to be determined. Thus, a list of the so-called dan-crous 


*See earlier work of Landsteiner, K., and Levene, P. A.: J. Immunol. 14: 81, 
+For literature see Levine.” 
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donors will be established, and only those Group O donors with a low titer of 
agglutinins can be used, if necessary, for patients in other groups, particularly 
for the rarer Groups B and AB. In a similar manner Group A and B donors 
with comparatively weak agglutinins anti-B and anti-A, respectively, should be 
selected who may also be used, along with suitable Group O donors, as donors for 
patients in Group AB (universal recipient). With this information on hand, 
a donor can be immediately employed with a very great probability of safety 
for emergency cases of shock due to hemorrhage, in which instances the time 
factor is so urgent that the direct matching must be omitted. 

In any event, wherever possible, donor and recipient should belong to the 
Same group. 

The Heredity of the Factors A and B.—In 1910, von Dungern and Hirsch- 
feld'® established that the isoagglutinogens A and B are inherited as dominant 
mendelian properties. In America this significant finding was confirmed by 
Ottenberg.* While this explanation of the mechanism of the heredity of the 
blood groups has been discarded in favor of a more recent theory of triple 
allelomorphs of Bernstein,’ the original claim of von Dungern and Hirsehfeld, 
that the property A or B never appears in the children unless they are present 
in the blood of one or both parents, is in harmony with both theories. As a 
result of their investigation, they maintained that a basis was furnished to 
exclude in a certain number of cases individuals as fathers of particular children, 
In view of the general acceptance of the Bernstein theory, described in 1925, it 
will not be necessary to describe here the two independent factor theory of 
von Dungern and Hirsehfeld. 

Briefly stated, Bernstein believes that the blood group (phenotype) of any 
individual is determined by the presence at a certain locus, in a particular pair 
of chromosomes, of any two of the 3 genes A or B or O; the one gene is derived 
from the father, the other from the mother. Thus, the various possible combina- 


tions in pairs of these 3 genes form the 4+ blood groups. 
TABLE II 


GENOTYPE PHENOTYPE (BLOOD GROUPS) 


OO 
OA 
AA 
OB 
BB 
AB 


It is to be noted that, genotypically, the individual is identified by 2 genes, 
one de:ved from the paternal and the other from the maternal chromosome. 

In the course of the development of the sex cells a reduction division takes 
Place s) that the sperms and eggs earry only either the paternal or maternal 
chrom:.omes whereas the somatie cells carry both. Thus an individual of blood 


—_—— 


‘roup \ may be either homozygous (AA) or heterozygous (OA). Serologieally 


remarks by Epstein, A. A., and Ottenberg, R.: Proc. New York Path. Soc. 8: 117, 
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these two types cannot be differentiated, but the children possible from matings 





3 ele 


with the two sorts of parents differ. Similar relationships hold for Group B 





individuals. 





ae, 





The various combinations of matings with children possible and children not 


possible are given in Table IIT. 






TABLE ITI 













CHILDREN POSSIBLE 





PARENTS CHILDREN NOT POSSIBLE 













OxO O ,» B AB 















_ 3 OxA O, A B, AB 

3. OxB O, B A, AB 
AxA O, A B, AB 

5. BxB oO, B A, AB 

6. AxB a eS re ee 

F OxAB A, B Oo, AB 

8. AxAB A, B, AB oO 

9. BxAB A, B, AB O 

10. ABxAB A. B, AB O 











A few points in the table require elucidation. It may be asked why children 


of Group O are possible from a mating of AxA parents (or BxB parents). Such 






children are possible only if both parents are genotypically of the type AO 





(or BO): and under such conditions the classical 3:1 ratio, i.e., 3 of the dominant 





A type and 1 of the O (recessive) type can be demonstrated, This genetie cross 





is given below. 










Parents AOxAO 
Gene in sperm or egg A A 

























or or 1 
| Oo O | 
Children genotype 1 AA 2 AO, 1 O00 

Children phenotype 3 A’s and 1 O 
. . . . ‘ 
Regardless of the blood of the parent, an individual homozygous to A or 
B eannot have children in Group O (Genotype OO), since the homozygous 
parent cannot furnish an O gene to the child. However, this plays no practical ' 
. role since, as already mentioned, the types AO and AA cannot be differentiated 
| from each other. | 
| The other matings which require some analysis are those involving an AB 
parent. In these matings an AB parent, be it father or mother, cannot have . 
; ;' ; ' ' \ 
an O child and vice versa. As a corollary, in the mating OxAB, children 0! 
: 
| - : t 
| the parental types are excluded and only children heterozygous to A and b ar ; 
| possible. These exclusions become obvious from a consideration of the reduction 
| division and the recombinations of the genes to form individuals of the following 
generation. 
Parents OOxAB p 
Gene in sperm or egg O A T 
q or . 
' B nN 
3 Children genotype 1 OA, 1 OB a 
Children phenotype A, B . 









This theory has been confirmed in studies on thousands of fami 


independent investigators working in numerous countries. In any matin 








. or 
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i¢al 


ited 


AB 
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dren not expected from the theory are illegitimate (indicated by asterisk in 


Table IV). 


PARENTS 


. OxO 
2. OxA 
3. OxB 

AxA 
3xB 

. AxB 

. OxXAB 

AxAB 


TABLE 


LV 


HEREDITY OF BLOOD GROUPS 


(COMPILED BY 


NO. OF MATINGS 


1192 
2535 
997 
1256 
293 
1104 
465 
48] 


327 


LATTES!7 ) 


NO. OF CHILDREN IN GROL 


o 
2630 
2256 

958 
476 
126 
40] 
538” 
5 
i3* 


AB 
0 
9* 
1" 
1° 
]1* 
580 
34* 


307 


BxAB 159 
ABxAB 67 0 39 42 70 


Total 8717 6919 7458 3550 1162 


Additional support for the validity of the theory is derived from a statis- 
tical consideration of the incidence of the four blood groups and the distribution 
of the genes in various races. Studies during the Great War by L. and H. 
Hirschfeld'* on numerous races, concentrated at the Macedonian front, have re- 
vealed the highly interesting fact that the incidence of the blood groups varies 
in different races. From a consideration of the frequency of the 3 genes A, B, 
and O (respectively as p, q, and r), it follows that, given the frequency of any 
two of the blood types, A or B or O, in any population, a theoretical value of 
the remaining two types can be obtained to which the observed values correspond 
very well. 

From these considerations, the following statements may be submitted as 
significant from the medicolegal point of view: 

1. Those children having the property A or B not present in the blood 
of either parent are illegitimate. 

2. Children in Group O are not possible in any mating involving an AB 
parent; children in Group AB are not possible in a mating involving an O parent. 

In view of two apparently authentic eases recently described which are 
exceptional to Rule 2, i.e., Mother AB, child Group O, Landsteiner, Schiff, 
Wiener and the writer hold the very conservative opinion that, in such cases, 
there is a very great probability of illegitimacy in contrast to exceptions to 
Rule 1 in which an unqualified decision of illegitimacy may be rendered.* 

he frequeney with which an exclusion of paternity can be made in the 
U.S. with the factors A and B has been estimated by Wiener to be about 18 
per cont. This figure does not differ much from that for European countries. 
Table V actually shows the frequency with which an exclusion has been made 


In preetiee in various countries, in which the courts of justice accept these tests 


a eviienee. Of course, the difference in the theoretical value and the value 
actua y obtained is found in the fact that not every accused man is innocent. 


— 


ie *' or an explanation of these exceptional cases, compatible with the Bernstein theory, see 
#Vine 
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TABLE V 
(MopIFIED AFTER SCHIFF2!) 


ad : PATERNITY PERCENT 
NUMBER OF CASES EXCLUSIONS EXCLU 
Germany (Schiff $1519 
Austria (Werkgartner 700 
Danzig ( Pirschel) 600 
Denmark (Thomsen 50 
Denmark (Sand 500 
Sweden (Wolff 259 
Norway 
Switzerland Cited by Schiff 
Lithuania 


Total 6665 546 


These tests are significant only for exclusion of paternity and not for deteec- 
tion of the father except in those eases in which it is known definitely that only 
two men cohabited with the woman. If, in these instances, one of the men can 
be excluded, then the other individual must be the father (see ease of Wiener’ 


cited on p. 797 


The blood groups are of great value in detecting cases of interchange of 


babies at hospitals and recently the tests have been suecessfully applied in the 
much diseussed Watkins-Bamburger babies in Chicago. With the use of A and 
B, interchange of infants can be deteeted in about 50 per cent of all cases 
(Wiener). 

Unfortunately the courts in the United States hesitate to recognize thi 
value derived from an examination of the blood in eases of disputed paternity 
However, active measures are being taken in several states to encourage the 
introduction of evidence based on these tests. Recently, in New York State, 
Justice Meier Steinbrink rendered a decision, which called for blood tests to 
settle the question of paternity of a child. Certainly the organization of 
forensic section in the American Medical Association will do much to stimulat 
interest on the part of both physicians and lawyers in this field* The subject 
is already recognized by various American legal authorities; thus Herzog** in 
his textbook, Medical Jurisprudence, in 1931 and Wigmore?’ in the 1934 supple- 
ment to the treatise on Evidence, discuss the subject at length. Wigmore, th 
learned authority on Evidence at the Northwestern University School of 
writes, ‘‘At the hands of expert specialists—but of specialists only—th« 
ought to be more widely known and used in this country, within the 
scope of their probative value.’’ In view of the facts cited above and the s 
ful experiences of the European courts of justice, it is safe to assume t! 
American courts will soon follow the precedent already established. 

Past experience has shown that the popular knowledge of the exist: 
these tests has a great psychologic value. The Wurtemberg Ministry of 
prevents the mother from offering testimony which will not be in harmo 
the results of the blood group examinations, by ordering the blood tests bet 
mother is placed under oath. In certain cases men have agreed to accept ¢ 


as their own and to pay for their support, when tests revealed that 


*Landsteiner, K.: J. A. M. A. 108: 1041, 1934. 
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dividual suspected by them was not the father. Wiener cites a case in which 
a husband sought a divorce on the ground that he was not the father of his wife’s 
child. The husband urged blood tests and his wife gladly came for the examina- 
tion, but the husband at the last minute refused to submit to the tests he 
originally requested, 

Blood Staims in Criminal Cases.—In 1903, Landsteiner and Richter®’ demon 
strated the stability of the agglutinogens and the agglutinins present in blood 
stains to various environmental conditions, such as drying and aging. Thus the 
group of a blood stain can be reconstructed by determining (1) which isoag- 
glutinins are still present in watery extracts of the blood stain and (2) which 
isoagglutinogens are detectable as tested by the capacity of the stroma to absorb 
certain quantities of the isoagglutinins, Only minute quantities of the blood 
stains are required for these tests. Of the two properties, the isoagglutinogens 
are the more stable, although the writer was able to detect minute quantities 
of both anti-A and anti-B in a blood stain of Group O that was four years old. 

The stain may be found on clothing, metal implement or wood. To test 
for isoagglutinins, small quantities of the seraped-off material are extracted 
in a few drops of distilled water; the extraction is allowed to continue for about 
one or two hours in the cold (to prevent bacterial contamination). After pre- 
liminary tests with a human precipitating immune serum have established the 
human origin of the stain, the centrifuged and hemoglobin-colored supernatant 
fluid is then tested with suspensioas of known cells of Groups A, B, and also O. 
The latter blood is included as a necessary precaution because elements other 
than blood may be present in the extracts which may conceivably have a non- 
specific agglutinating action on any blood. The results, therefore, are significant 
if there is no action on blood O, but action on bloods A or B or both. Absorption 
experiments are then earried out with the extracted sediment to determine the 
presence or absence of isoagglutinable properties A or B. If, after contaet with 
the stain, the activity of isoagglutinin anti-A is considerably diminished as tested 
with blood A, then this is proof for the presence of the property A in the stain. 
The evidence is strengthened by demonstrating isoagglutinin anti-B in the ex- 
tracts, but the demonstration of the isoagglutinogen is usually more successful 
on account of its greater stability. 

The value of the information obtained from these investigations is seen from 
the following contrasting cases cited from the literature. Martin and Rochaix”’ 
reported a murder case in which the property A was shown to be present in the 
dried blood stain. The suspected individual claimed that the blood stain resulted 
from a self-inflicted injury. Since he belonged to Group O, his testimony was 
shown to be false. Popoff** described a ease in which two men were falsely 
wceused of murder of a woman found with stab wounds in the face. <A sharp 


blood-stained implement was found in their possession which apparently fitted 


the younds that penetrated the face. The two men claimed that the blood on 
the implements resulted from a fight with other individuals, that did not involve 
the woman. The claims of the accused men were substantiated since the stains 
showed the property B, while the woman belonged to Group O; the real 
murd rers, furthermore, were later apprehended, 
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Since the blood factors, as stated above, are present in saliva, cigarette stubs, 
or envelopes found at the scene of a crime may be investigated; similarly im cases 
of rape, clothing stained with semen may be available for studies on the blood 
factors. 

The chief protagonists of this aspect are Lattes*® of Modena, Italy, and 
Popoff in Russia. These authors recently collected a series of murder cases in 
some of which the testimony offered by witnesses as to the origin of a blood stain 
was shown to be incompatible with the result of the tests. On the strength of this 
evidence the witness, in several instances, confessed that his testimony was false 
and that he participated in the crime. 

The Properties M and N.—Before discussing these properties, which are 
demonstrable by means of immune agglutinins, it may be of advantage to illus- 
trate with the blood groups A and B, the general procedure of the technic. 

The factors A and B may be demonstrated also by means of several other 
reagents, namely normal animal serums (which contain heteroagglutinins not 
only for blood of Groups A and B, but also for human blood in general), and 
immune serums derived from rabbits after injection of bloods A and B. The 
latter of the two methods is preferable since potent reagents are obtained. They 
are, however, less convenient to work with than the normal isoantibodies, because 
very frequently anti-A or anti-B immune serums contain other antibodies which 
react on all human bloods (species antibodies). A preliminary absorption of the 
diluted serums with bloods of Group O is required to remove the species ag- 
glutinins. The supernatant fluid may then be employed to diagnose bloods 
A or B. 

With the aid of this general technic, Landsteiner and myself*® deseribed in 
1928 several new agglutinable blood properties, the most significant of which are 
termed M and N. These factors are demonstrable by means of specific immun 
agglutinating serums derived, as a rule, from rabbits in a manner similar to that 
described above for A and B. With one exception normal antibodies specific for 
M and N are not present in normal human serum. On examining numerous 
bloods of any of the four blood groups, with the two sorts of serums, previousl) 
absorbed with a suitable blood lacking the factor in question, 3 types are found, 
namely, M+ N*, M* N- and M- N*. The ineidences of the three types in the 
white population are 50, 25, 25 per cent. Although thousands of bloods have 
been examined by several workers, a blood of the type M- N- has never been ob- 
served. Accordingly, at least 12 sorts of human blood are readily demonstrated 
by means of reagents for A, B, M and N. The antiserums for M ean be produced 


by injecting rabbits with bloods preferably of Group O and of the type M’ N; 
those for N, by injecting Group O blood of the type M- N*. Injections are con- 
tinued until preliminary absorption tests with suitable bloods show that anti- 
serums with potent specific antibodies are produced. The rabbits are bled. and 
serums collected, filtered, and under such conditions they remain potent for 


several years. 
Since these factors cannot, as a rule, be demonstrated by means of 1 rmal 
human serums, they play no réle in the successful outcome of transftsions. 


However, some interesting observations have been made on the length of |ife o 
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the transfused corpuscle by studying selected cases of donor and recipient of 
the same group, but differing in M. In one instance of recipient M- and donor 
M*, the M* blood could still be found cireulating in the blood of the recipient after 
an interval of one hundred days following the transfusion.*! 

Studies by numerous investigators on the heredity of M and N confirmed the 
theory of Landsteiner and Levine** as to the mechanism of the heredity. Ae- 
cording to these authors, there are two genes M and N, the distribution of which 
in various combinations gives the three types serologically demonstrable (pheno- 


types). 


PHENOTYPE GENOTYPE 
M* N- (M) MM (homozygous) 
M- N’ (N) NN (homozygous) 
M+ N (MN) MN (heterozygous) 


The theory demands the following incidence of children in the six possible 
matings (Table VI). 
TABLE VI 


HEREDITY OF THE Factors M AND N ACCORDING TO THE THEORY OF LANDSTEINER AND LEVINE 








: mn a 2ER CENT OF CHILDREN OF TYPES 
MATING NO. TYPES OF PARENTS oes Coes oF Ce . 7 
M N MN 





MxM 100 0 0 
NxN 0 0 
MxN 0 0 100 
MxMN 50 0 50 
NxMN 0 50 
MNxMN 25 9: 50 


In an examination of 671 families with 2,365 children the following results 
were obtained as given in Table VII, which includes the studies of Landsteiner 
and Levine, Wiener and Vaisberg, Schiff, Schiff and Sazaki, Thomsen and Clau- 
sen, and Lattes and Blaurock. 


TABLE VII! 





—- — : NUMBER OF CHILDREN OF TYPES 








TYPE OF PARENTS —— ne 
} N MN 


MxM | 303 — ee I 
NxN 0 107 0 
MxN 0 3* 205 
MxMN 317 3° 362 
NxMN 2* 280 268 
MNxMN 149 135 331 


Totals : ~ 671 «527 4167 





ata collected from the literature by Wiener. 


('n comparing the combined figures obtained by all these investigators, work- 
ing in four different countries, with that expected from the theory, a very good 
fit is ound. The eight children not expected from the theory are considered 
illegit: mate (indicated by asterisk in Table VII). 

For convenience Table VI is rearranged to point out in each mating the 
childr«: possible and those to be considered illegitimate. 
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TABLE VIII 






















From the theory given below, the following rules may be laid down: 







a. The 


blood of one or both parents. 


factor M or N cannot appear in the blood of a child unless it is present in t 






b. In matings where both parents are homozygous to M (M* N-), all children are of t 





same type; the other two types are excluded. The same rule holds for matings NxN (matings 


l 












” 


and 2 










c. In case of one parent homozygous to M and the other homozygous to N, 100 per 


of the children are of the type MN (M* N°), the parental types are excluded (mating 3 






d. In matings where one parent is homozygous and the other heterozygous, child 





of the parental types are to be expected in a ratio of 50:50 (matings 4 and 5 







e. In matings with both parents heterozygous (MN), children of the three types 










possible (mating 6). This is the only mating in which no exclusion is obtained. 






; 
ner 


The genetic analysis of mating number 3 is given as an example; the ot 


matings may be analyzed in a similar manner. 










Parent MMxNN 









Gene in sperm and egg M N 
Children 
Genotype MN 
Phenotype MN 






As a corollary to the statements made above, the following may be stated 


namely, a parent of the Type M (matings 1, 3, and 4) cannot have a child of 






the Type N; similarly, a parent of Type N (matings 2, 3, and 5) cannot hav 






child of Type M. The reason for this exclusion lies in the fact that the parent, 






being homozygous to one gene (M), cannot contribute the other gene required 






(N). This fact makes it possible to render decisions of exclusion of paternit 








a good proportion of cases; namely, the first 5 matings, from an examination 0! 






the blood of child and only one of the parents. In this respect the MN systen 






is far superior to the A and B system. Thus in 7 of the 8 cases of illegitimac) 







(matings 3, 4, and 5) the father’s blood and not the mother’s blood is of a typ 


4 
( 





incompatible with that of the child. In these 7 cases the child’s blood is « 















) homozygous type; in the eighth case the child’s blood is heterozygous. 
Wiener has calculated that a decision of exclusion of paternity with the us 
of factors M and N ean be made in 18 per cent of all cases. Since the factors 
and N are independent of A and B, the application of the 4 factors resu!'s 0 
an exelusion in about one-third of all cases. 
Employing all 4 blood factors, Schiff, who has had the greatest exper ene 
in this branch of forensic medicine, obtained an exclusion of 134 times (14 ¢ per 
. cent) in an examination of 911 cases. These values are 40 to 50 per cent 






. maximum since, as already mentioned, not every accused man is innocen 


MATING rYPE OF PARENTS CHILDREN POSSIBLE CHILDREN ILLEGITIMAT é 
I MxM M MN, N ba 

2 NxN N MN, M x 

3 MxN MN M, N ¥ 

4 MxMN M, MN N 

5 NxMN N, MN M "4 
MNxMN N, N, MN E 
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It must be added, however, that the technie for demonstrating M and N is 
far more involved than that for A and B and that it presupposes an intimate 
knowledge of immunologic principles. When the American courts finally agree 
to recognize the value of these procedures, the poliey should be employed, of 
relegating the tests to recognized serologists, preferably those connected either 
with universities or the larger hospitals, 

A few eases where M and N have been employed in America to exelude 
paternity have been reported by Wiener.*? As an example the following in- 
stance may be eited, in whieh exelusions were made with both the AB and the 
MN systems. The bloods of the three adults and the three children whose 


legitimacy was questioned were tiie following: 


BLOOD OF 


Husband 
Aecused man 
Wife 

First Child 
Second Child 


Third Child 


Apparently the third child, in group A, cannot be the husband’s because 
Ox cannot beget an A, but can be the child of the aeeused; the second child 
cannot be the lover’s since the latter with the property N cannot have a child M. 

A ease recently examined by me is instructive from several points of view. 
Only the bloods of the child and alleged father were available for examination. 
‘ests revealed the following: alleged father B, M* N-; child A, M* N*. In this 

nee, no exclusion can be made without an examination of the mother’s 

d, whieh can be only in groups A or AB and with regard to M and N 

er M* Nt (MN) or M> N* (N). The mother cannot belong to group O or 

since OxB or BxB eannot give an A child; she eannot have the property 

N~ since in mating M* N-x M* N-, the child M* N* is exeluded. In view 


fact that Group O is present in about 45 per cent of all white people and 
pe M* N- in about 25 or 30 per cent, there is a very great probability of 
clusion. If the child were of the type M- N*, the exelusion could be 


without an examination of the mother’s blood. 

(he properties M and N may also be used to detect instances of interchange 
ies. The demonstration that M and N remain stable in dried blood, 
es the basis for the forensie application also of these factors in criminal 
nvolving blood stains. 
ry brief mention may be made of several other factors; namely, those 
ng the subgroups of Groups A and AB and the factor P.** ** The sub- 
may be demonstrated most conveniently with the aid of those rare human 

serun s of Groups AB or A which contain the specifie atypical agglutinins anti-A! 
and A* (see page 787). These antibodies without any previous absorption 
select he two sorts of bloods; the antibody for A? acting also on all bloods of 
Grou; O. Also these properties are inherited, but further study is required 
befor ese factors can be employed with safety in cases of exclusion of pa- 
ternit 
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The factor P may be demonstrated by means of more or less related anti 
bodies present rarely in some human serums containing the atypical specific 
agglutinin, and more frequently in normal animal serums. The property maj 
be demonstrated also by means of specific immune antibodies derived from the 
rabbit. This property, like A’ and <A?, is not as well defined as A or M, but 
studies by Landsteiner and Levine show also that the factor P is distinetly 
inherited. 

Our knowledge of individual differences of human blood has been con- 
siderably extended in more recent years. Encouraged by the successful ex- 
periences of several European workers in the application of this knowledge, a 
number of scientists and physicians in America are making organized efforts to 
educate the American courts to accept the scientifie principles discussed, as 
testimony in both bastardy proceedings and in cases involving blood stains. An 
essential preliminary measure required is the passage of a law to compel indi- 
viduals to submit to the blood tests. 


It is difficult to estimate the number of individuals who unwittingly are 
paying support for children not their own, but whenever possible, justice should 


be meted out. And finally, is it not preferable to speak of illegitimate parents 
rather than illegitimate children ? 
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ADDENDUM 


Recently New York State passed laws empowering the courts to order 
blood tests in cases of disputed paternity. Undoubtedly many states will in 
the next few years take active measures to pass laws of a similar nature. 

As a readily available source for workers interested in promoting the use 
of these tests, the laws as passed by the New York State Legislature are here 
appended. 

A bill similar to that given below, and sponsored by myself, was recently 
submitted to the Wisconsin legislative bodies. It was framed with the aid of 


Prof. Bunn of the University of Wisconsin Law School and has the support of 


Dean Lloyd K. Garrison. Such legislation is encouraged by the American Medi- 
cal Association (J. A. M. A. 103: 46, 1934). 
STATE OF NEW YORK 
No, 124 Int. 123 
IN ASSEMBLY 
January 9, 1935. 

Introduccd by Mr. BreirBART—read once and referred to the Committee on Codes. 

AN ACT 


To amen the civil practice act, in relation to empowering the court to order the making of 


ood tests. 
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The People of the State of New York, represented in Senate and Assembly, do enact as 
follows: 

Section 1. The civil practice act is hereby amended by inserting therein a new section, 
to be section three hundred six-a, to read as follows: 

306-a. Blood tests. Wherever it shall be relevant to the prosecution or defense of an 
action, the court, by order, shall direct any patty to the action and the child of any such party 
to submit to one or more blood tests, to be made by duly qualified physicians and under such 
restrictions and directions, as to the court or judge shall seem proper. The order for such 
blood tests may also direct that the testimony of the persons so examined may be taken 
by deposition pursuant to this article. 


2. This act shall take effect immediately. 


STATE OF NEW YORK 


Nos. 167, 682 Int. 166 


IN ASSEMBLY 


January 9, 1935. 


Introduced by Mr. BreirBArt—read once and referred to the Committee on Codes—com 
mittee discharged, bill amended, ordered reprinted as amended and recommitted to 


said committee. 
AN ACT 


To amend the inferior criminal courts act of the city of New York, in relation to empower 
ing the court to direct the making of blood-grouping tests and permitting the results 


thereof to be received in evidence. 


To People of the State of New York, represented in Senate and Assembly, do enact as 
follows: 

Section 1. Section sixty-seven of article five of chapter six hundred fifty-nine of the 
laws of nineteen hundred ten, entitled ‘‘An act in relation to the inferior courts of criminal 
jurisdiction in the city of New York, defining their powers and jurisdiction and providing 
for their officers,’’ as such section and article were thus restated and renumbered by chapter 
seven hundred forty-six of the laws of nineteen hundred thirty-three, is hereby amended by 
inserting therein a new subdivision, to be subdivision one-a, to read as follows: 


» 


l-a. The court, on motion of the defendant, shall order the making of one or more blood 


grouping tests by a duly qualified physician and the results thereof may be received in 


evidence. 


2. This act shall take effect immediately. 


abs 
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THE INTESTINAL TOXEMIA SYNDROME* 


TREATMENT WitH KAOLIN 


A. Miuus, M.D., CINCINNATI, OHIO 


ERTAIN new phases of the intestinal toxemia syndrome have presented 

themselves in recent years and seem of sufficient importance to warrant writ- 
ing this article, even though this paper is on a subject that has been so badly 
overworked in medical literature of previous decades. The fact that certain 
commercial concerns have widely exploited this field gives the medical profes- 
sion no warrant to neglect it. In some regions intestinal putrefaction, with the 
body disturbances resulting from the foul absorption, forms a real health prob- 
lem. This is particularly true in the two major storm areas of the earth, a 
large part of North America and West Central Europe including the British 
Isles. In the tropics, subtropies, and Orient putrefaction in the intestine occurs 
much less frequently. In fact it is not unusual in China to see natives who have 
a bowel movement only every two or three weeks but are still entirely free from 
any signs of toxic absorption. 

Why putrefaction should be worse in the intestines of people living in 
stormy regions is not yet known. There is a strong suspicion that sudden falls 
in barometric pressure cause body tissues to take up water and the secretion 
of digestive juices to lessen. This point is under investigation at present. Clin- 
ical observation, however, has given the impression that putrefaction does tend 
to flare up in the bowel on those days when the barometric pressure is low or 
falling. Whether this is due to changes in secretion of the digestive juices re- 
mains for the future to answer. Regardless of the causes of the putrefaction, we 
of northern United States have it as one of the important sources of discomfort, 
loss of efficiency, and eventual disease along certain lines. For the last six 
years I have given particular attention to this problem and have found that 
elimination of putrefaction in many cases produces surprising consequences. 
The agent found most certain in action and economical in cost is kaolin, admin- 
istration in a syrupy suspension. The following prescription is used. If easeara 
or antispasmodies are needed they may replace a corresponding volume of water. 

R Kaolin 53.6 CV'I 
Water ] IV 
Syrup simplex q.s. 3 XII 


age: 4 ounce twice a day before meals. 


a result of clinical observation the distinct impression has arisen that 


absor;tion of putrefactive products from a foul colon, and their excretion 


— 


om the Department of Experimental Medicine, University of Cincinnati. 
eived for publication, October 1, 1934. 
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through the saliva and sweat glands, is directly respons ble for the lowering of 
Confirmation of this impression 





resistance to infection in the mouth and skin. 
rests upon the marked manner in which pustular aene wend early pyorrhea re- 
Aene of the skin has long been known to be 







spond to kaolin administration. 
associated with intestinal toxemia, but its treatment by dietary means has often 
With kaolin, prompt subsidence almost always occurs, the 
This is of particular value in children 





been unsatisfactory. 





skin softening and gradually clearing. 
during adolescence, for at this age putrefaction is especially liable to appear and, 
unless properly treated, is likely to become more or less permanent. Boys are 
much more afflicted in this way than are girls, and need to be watched more 







Cases of severe pustular acne over almost the whole body have re- 





closely. 
sponded well to kaolin, the lesions beginning to subside within a week and be- 
ing practically gone in a month without other treatment of any sort. 







As regards the mouth, most physicians and investigators have seemed in- 
clined to regard halitosis and pyorrhea as of local origin, due to faulty mouth 
After observing the prompt disappearance of the foul breath and 








hygiene. 
gradual improvement of early pyorrhea as intestinal putrefaction is eliminated, 
I have been forced to the conclusion that these oral conditions rely primarily on 
The saliva in these cases contains in- 








the presence of putrefaction in the bowel. 
diean, giving a positive test just as does the urine, although to a lesser degree. 
Lowering of resistance to infection may result from the gums being constantly 
The feeal odor to the breath in such 








bathed in this concentrated fecal extract. 
-ases is a natural consequence of rapid evaporation of the saliva, especially dur- 
ing speech. At night, when water intake is stopped, greatest concentration takes 
place, with the resulting ‘‘dark brown taste.’’ Whether certain types of dental 
It is, however, a point well 








earies rest on this same basis is still uncertain. 






worthy of close investigation. 

The intestinal toxemia syndrome, then, in addition to the usual foul gas 
production, indigestion, headaches, and general biliousness, includes these other 
conditions; pustular aene of the skin, halitosis and much pyorrhea, and perhaps 
some types of dental caries. There are also the nervous and vascular disturbances 
caused by the absorbed products, nervousness, insomnia, and disturbed sleep, 
Where a tendeney to hyper- 










and in a great many cases marked vascular spasm. 
tension exists, putrefaction adds greatly to the spastie condition of the vessels, 
so that considerable reductions in blood pressure often occur after kaolin ad- 








ministration. 


Nothing new is being proposed in this use of kaolin. Its effectiveness as a 










selective adsorptive reagent for the alkaline amines and putrefactive bacteria 
was demonstrated years ago. The medical profession is not benefiting by this 
knowledge, however, for few pharmacists carry kaolin in stock except in ‘jn- 
cinnati where its use has been actively advocated for the past six years. The 
prompt effectiveness and low cost strongly recommended its widespread us° by 
the medical profession in our northern states where intestinal putrefaction |s 80 
prevalent. School and college health authorities should make free use it. 
Many unnecessarily expensive preparations are on the market. The Cine nati 

one 





Hospital buys a good grade of kaolin for 4 cents a pound in barrel lots, a1 
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pound lasts a patient a month. Elimination of putrefaction need not, there- 
fore, be an expensive treatment, especially if the mixture be prepared at home. 
The treatment cost is an important item, since people needing the kaolin usually 
continue to need it off and on at all seasons. Permanent cessation of putrefaction 
is usually not obtained. 

For some patients kaolin is somewhat constipating, and, for a few indi- 
viduals with marked spasticity of the colon, distinctly irritating. By its re- 
duction in bacterial growth, it tends to lessen the stool bulk and the need for 
frequent evacuation. No cases of fecal impaction or fecalith formation result- 
ing from it have been seen in six years’ use, so I feel that the caution promulgated 
a few years ago? can be disregarded. Numerous references are available to sub- 
stantiate the claims for beneficial kaolin effects in diarrheal or putrefactive dis- 
turbanees of the bowel. Only one ease of fecalith formation and fatal impac- 
tion has been reported,’® and in this ease kaolin was given in daily single doses 
of 100 gm., presumably suspended in water. Even then its immediate action 
in stopping a severe bloody diarrhea was promptly effective, the signs of in- 
testinal obstruction developing a week after kaolin administration was dis- 
continued. For the Council on Pharmacy and Chemistry of the American Medi- 
eal Association to rule against kaolin preparations and their therapeutie use on 
the basis of this one fatality seems hardly justified. On such a basis action 
should long ago have been taken against insulin for the many deaths it has 
caused. Administered in a syrupy suspension, kaolin shows little tendeney to 
clumping in the bowel and is more effective in depressing putrefaction than when 
given suspended in water. 

It must be stressed here that frequency of bowel movements and intestinal 
toxemia need not be at all associated. Individuals may go for weeks without 
an evacuation and still show no signs of toxie absorption, provided putrefactive 
activity is at low ebb. On the other hand we see many patients with a putrefac- 
tive diarrhea in whom no relief from the toxicity is obtained by eight to ten 
bowel movements a day. Naturally, if putrefaction is prevalent, its effects will 
be accentuated by constipation. Many people, however, go to unnecessary trouble 
to secure a daily evacuation simply because it is decreed by custom. This custom 
originated in the cool stormy areas where putrefaction is worse and probably 
represents a necessary development for the mass of humanity in these regions. 

It would seem that the medical profession should give more attention to 
this question of foul colonic contents and adopt some simple, inexpensive method 
of treatment that the patient can use the year round. The mere presence of 
acne or halitosis is usually direct evidence that kaolin, or a similarly acting sub- 
stance, is needed. Dietary treatment is much less certain in its results, is slower, 
and is less likely to be adhered to by many patients. If, as suggested here from 


close -linieal observation, pyorrhea and much of dental caries can be eliminated 
or prevented by proper colonic hygiene, then a great forward step will have 
been taken in the care of the mouth. It has been truly striking to witness the 
marked diminution in tartar deposit on the teeth and the general feeling of 
mouth cleanliness that results from elimination of putrefaction in the bowel. 
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A few illustrative case histories are briefly summarized below. Most phy 


sicians are aware of the symptoms attending intestinal putrefaction. The im 


pressions set forth in these pages have resulted from close observation of man) 


hundreds of patients during the past few years. What is particularly desired 
in this article is to stress the close connection between oral and colonic hygiene, 
and the probable réle played by the excretion of the absorbed putrefactive prod 
ucts through the saliva and sweat glands. It scarcely seems necessary to empha 
size the relief from gastroenteric disturbances that results from cessation of 
putrefaction. Medical literature of twenty years ago lay particular emphasis on 


that aspect of the problem. 
CASE REPORTS 


CAsE 1.—A white man, forty-two years old, came to the Medical Clinic Feb. 1, 1934, for 
treatment of a severe pustular eruption which had afflicted him for eight years. <A few 
eruptions were scattered over most of the body, but from the waist down they increased greatly 
in severity and numbers, with large areas of induration, heat, and redness, and one furuncle 
just above the left knee. Itching was severe and was the reason for the patient's call at the 
clinic. He had been chronically constipated, with much flatulence, for about ten years. Teeth 
had all been extracted eight years previously because of severe pyorrhea. One sample ot 
urine showed 1+ sugar, but none was found on subsequent repeated examinations and the 
fasting blood sugar level was 74 mg. per cent. Kahn test was negative. 

Having failed to respond to local skin treatments in the dermatologic clinic, he was 
placed on kaolin. Marked improvement was evident after one week, the heat and redness 
largely gone and the itching less troublesome. The lesions continued to fade steadily, with 
no new ones appearing for the six weeks of observation. At this time the urine test for 
indican, which had at first been intensively positive, gave only a slight color. The saliva be 
fore kaolin therapy had also given a mild positive indican test, but after six weeks was 


entirely negative. 


Case 2.—Another white man of forty-two years came in complaining of constipation with 
much foul gas production, headache most of the time, and inability to sleep without disturbing 
dreams. Hands and feet were cold and cyanotic. General development was good, blood 
pressure normal. Early pyorrhea and halitosis present. Physical findings otherwise negative 
Kaolin administration gave prompt relief from all this patient’s symptoms within two 
weeks. 


CasE 3.—A white boy of fifteen years, well developed and otherwise in good health, began 


of 


at thirteen years to have acne of the face, foul gas production, and an alarming typ 
rather widespread dental decay. The gums were red and spongy, bleeding easily, while the 
teeth coated rapidly and the breath was at times foul. Kaolin used at irregular periods has 
been able to keep down the acne and gas production, while the dental decay has gra ally 
lessened. Gingival tissues regained normal tone and appearance, coating of the teeth ceased, 
and now at fifteen years the boy rarely needs kaolin. Several times in the past two years, 
when at camp or away from home, he has returned with all putrefaction symptoms present, but 


each time his response to kaolin has been prompt. 

In summarizing, then, the following points are to be noted: 

1. A close association seems to exist between oral and colonic hygiene 
Putrefactive activity in the colon seems to result in halitosis, excessive tirtal 
deposit and lowered vitality of the gingival tissues. The suggestion is made 
that this effect may even extend to the teeth and be the basis of much ear 
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2. Intestinal putrefaction is also at the basis of much aene of the skin, and 


the elimination of such putrefaction often brings most rapid and complete dis- 
appearance of even the most severe pustular aene, 

3. It is suggested that these oral and skin troubles result from the excretion 
through the saliva and sweat glands of the putrefactive products absorbed into 
the blood from the colon. 

4. The most rapid and certain treatment for intestinal putrefaction is 
kaolin, administered in a syrupy suspension. This preparation has the added 
value of low cost, which is important in this type of disturbance that usually 
requires continued treatment for years. 
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JUVENILE PARETIC NEUROSYPHILIS STUDIES* 
IX. LABorAtToRY FINDINGS 


WiLuiAM C. MenninGER, M.D., Topeka, KAn. 


ghee laboratory findings in congenital neurosyphilis have been the subject 
of several studies, and yet there has been no large series of one type of 
congenital neurosyphilis reported. The following study includes the blood 
and spinal fluid Wassermann tests, the spinal fluid cytology and the colloidal 
gold reaction in juvenile paresis. It is one of a series of papers'® based upon 
43 personally studied cases and a survey of 610 cases reported in the literature. 

In this total group of 653 cases surveyed data are given in 325 cases re- 
garding the serologic findings. In an additional 139 cases postmortem find- 
ings corroborated the diagnosis. Table I indicates the laboratory findings in 
the blood and spinal fluid: 

TABLE I 


WASSERMANN AND COLLOIDAL GoLp TESTS IN 325 CASES OF JUVENILE PARESIS 


Blood Wassermann positive 261 cases 
(In 259 of these the spinal fluid was either positive or not 
examined; in two, the spinal fluid was negative.) 

Blood Wassermann negative 
(In 3 cases the spinal fluid Wassermann was positive, in 
two it was not examined, and in two it was negative.) 

Spinal Fluid Wassermann positive 272 cases 
(In 269 of these the blood was either positive or not ex 
amined; in three it was negative.) 

Spinal Fluid Wassermann negative 6 cases 
(In 2 cases the blood was positive; in two it was not 
reported, and in two it was negative.) 

Spinal Fluid Colloidal Gold with marked first zone ‘‘typ 


ically paretic’’ curve recorded in 89 cases 


Weak first zone or second zone change 15 cases 


This table can give us only a rough approximation of the findings, since 
it is impossible to compare Wassermann tests accurately without giving con- 
sideration to the method used in performing it, the amounts of spinal luid 
used, ete. Such data were not available in the many individual case rej orts 


used in compiling these figures. 


*From the Menninger Clinic. 
Received for publication, September 15, 1934. 
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Negative Blood Wassermann Test in Congenital Syphilis —The blood Was- 
sermann test is characteristically positive in congenital syphilis. There are, 
however, a certain percentage of congenital syphilitic individuals who con- 
sistently and persistently show a negative Wassermann reaction in the blood. 
These are of major importance, not numerically, but in establishing the diag- 
nosis in the presence of negative findings. It is known to be negative fre- 
quently for the first two months of life (Ross and Wright,?* Fordyce and 
Rosen*) and it has been repeatedly shown to fade out as the child grows older 
(Atwood,! Dean,® Thomsen et al.*°). But there are the opinions of many writ- 
ers that the Wassermann is frequently negative: Kolmer® states that ‘‘alone 
is not reliable and is prone to be negative’’; Moleen’® finds it ‘‘negative in 
many very definite cases’’; Stoll?’ records it as ‘‘often negative’’; Leredde™ 
says that the ‘‘serum is habitually negative’’; DuBois* believes it is ‘‘almost 
always negative’’; and Fischl° states it is ‘‘unreliable.’’ There is a more con- 
servative group who record the serum Wassermann as usually positive but 
oceasionally definitely negative: Cooke and Jeans,? Lespinasse,"’ and 
Myerson.’” 

A few statistical studies indicate the variation in the findings of different 
observers, which in part may be due to a difference in the age groups studied 
(Table IT). 


TABLE II 








WASSERMANN 







TEeEstT IN BLOoopD IN CONGENITAL SYPHILIS 





PER CENT 
NEGATIVE BLOOD 
WASSERMANN 


= NO. OF 
YEAR OBSERVER REFERENCE 
CASES 














Veeder Am. J. M. Se. 152: 522, 1916 128 4.0 

1919 Craig Wassermann Test, St. Louis, 1919, The 128 17.8 
C. V. Mosby Co., p. 114 

1919 Jeans Am. J. Dis. Child. 18: 173, 1919 214 0.5 
1924 Bournhoure Thesis, Toulouse, 1924 _ 63.0 
1924 O’Leary Minn. Med. 7: 651, 1924 - 30.0 
1925 von Gutfeld Arch. f. Kinderh. 75: 302; 76: 13, 1925 155 0.0 
1933 Smith Bull. Johns Hopkins Hosp. 53: 231, 1933 162 8.0 









From these studies, as well as a previous study by Karl A. Menninger and 
myself,’* I conclude that congenital syphilis may be present in a small per- 
centage of cases with negative serum Wassermann reactions. 

Negative Blood Wassermann in Paretic Neurosyphilis—A negative blood 
Wassermann test oceurs in between 5 and 10 per cent of all untreated cases of 
(adult) general paresis. In a recent study, Bromberg and I’* reported on the 
negative blood findings in 500 cases of neurosyphilis with positive spinal fluid 
Wassermann tests. Approximately 30 per cent of that group had negative 
blool Wassermann tests, and of 38 cases of general paresis included, eight 
had negative blood Wassermann tests (only one of these had been untreated). 


In ¢ 


field. and found a small, but constant, percentage of cases with negative blood 
Sero cV. 


at study, we reviewed the findings of some 30-odd investigators in this 


egative Blood Wassermann in Juvenile Paresis—In the present study 
cases are reported with negative blood serology; the spinal fluid find- 
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ings in these cases were as follows: Leonard,”’ 1915, in attempting to test the 
spinal fluid only obtained dry taps; Southard and Solomon’s* case (p. 298 
showed a positive spinal fluid; Klauder and Solomon’s,* 1923, case showed 
positive spinal fluid; Potter®?® 1929 reported two cases, one with positive and 
one with negative spinal fluid Wassermann tests; Schmidt-Kraepelin’s** case 
showed an essentially negative spinal fluid; and in one of my own the spinal 
fluid was not examined. 

From the fact that a negative blood Wassermann is the occasional find 
ing both in congenital syphilis and in general paresis, there is no question that 
the blood may be negative in juvenile paresis. It may be due in part to 
previous treatment, in part to a low virulence of the infecting organism, and 
in part to a fading of the antibodies with increase in age of the patient. 

Negative Spinal Fluid Wassermann in Congenital Syphilis—It would 
hardly be expected that the spinal fluid of congenital syphilis cases would be 
positive, although it is positive in a surprisingly large percentage of cases even 
without any signs of clinical neurosyphilis. This is shown in Table III, whieh 
gives the opinions and findings of a number of observers. 

TABLE III 
FREQUENCY OF ABNORMAL FINDING IN THE SPINAL FLUID IN CONGENITAL SYPHILIS 
PERCEN TAG! 


ABNORMAI 
SPINAL FLUID 


NO. OF 
OBSERVER REFERENCE — 
CASES 


With Brain 40: 403, 1917 26 31.0 
Jeans Am. J. Dis. Child. 18: 173, 1919 214 
Brewer Deutsche med. Wehnschr. 27: 1297, 1921 
Kingery J. A. M. A. 76: 12, 1921 
Tezner Monatschr. f. Kinderh. 26: 49, 1923 
Frank Monatschr. f. Kinderh. 25: 136, 1923 
Arena Pediatria 32: 465, 1924 
Bournhoure Thesis, Toulouse 
Solomon Human Cerebrospinal Fluid, New York, 

1926, Hoebner, p. 415 
von Gutfeld Arch. f. Kinderh. 75: 302; 76: 13, 1925 155 10.0 
Ahman Acta Paediat. 6: 1, 1926 71 17.0 
Cregor Arch, Derm. & Syph. 24: 732, 1931 103 28.0 


52.0 


20-30.0 


One is impressed from these figures with the high frequency of spinal 
fluid changes in congenital syphilis, and yet the majority of cases do not show 
an involvement of the central nervous system clinically. That a_ positive 
spinal fluid Wassermann may be associated with a negative blood Wassermann 
finding is shown in the figures of Cregor (cited above) who found 2.5 per cent 
of his 103 cases with this situation. 

Negative Spinal Fluid Wassermann in General Paresis—In a _ previous 
study of this subject, K. A. Menninger and I'* reported the findings in 154 
of acquired general paresis, in which 94.8 per cent showed a positive spina! 


ses 
Auid 
Wassermann test. In that paper we reviewed the findings of many «thier 
workers establishing a diagnosis of general paresis in the absence of p: tive 


spinal fluid findings. Nonne* proposed a classification of the types of noure 


and 


syphilis with negative serology, which was later expanded by Klaud: 
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Solomon,” and it is generally agreed that clinical neurosyphilis may be present 
without the spinal fluid Wassermann test being positive. 

Negative Spinal Fluid Wassermann in Juvenile Paresis and Congemtal 
Neurosyphilis—In the present survey of juvenile paresis, there are six cases 
reported with negative spinal fluid Wassermann tests: Huguet*? 1913, Kleine- 
berger?’ 1919 (the blood is not given), Potter®® three cases (two with positive 
serum Wassermann tests and one with a negative serum Wassermann), and 
Sechmidt-Kraepelin,** whose case had essentially negative blood and spinal fluid. 
In two additional cases she reported that the spinal fluid was negative using 
small quantities, but positive with 1 ¢.¢. of fluid. 

That a negative spinal fluid finding may eecur in congenital neurosyphilis, 
is indicated by various observers: Masten’? found ten cases of clinical neuro- 
syphilis out of 20 examined to have negative spinal fluid Wassermann tests. 
Higoumenakis’ studied a group of nine eases, reporting negative spinal fluid 
Wassermanns even in the presence of hemiplegia or other nervous system 
lesions. Potter®? has presented three cases of juvenile paresis with negative 
spinal fluid serology, as well as expressing the opinion, supporting my own, 
that juvenile paresis might be definitely present without the positive spinal 
fluid Wassermann. 

A case of juvenile taboparesis that I recently examined at the Public 
Health Institute, Chicago, illustrates this type of entirely seronegative con- 
genital neurosyphilis. 





Case 29.*—-A male, aged twenty years. The mother had been treated for 
syphilis for the last ten years. The patient was an only child; he had con- 
vulsions during his first year of life, but these did not reappear until fifteen 
years of age. He was retarded in growth, both physically and mentally. He 
attended school for four years, continually failed, and was tutored for two 
years. He began having grand mal attacks at the age of fifteen years, and 
began antisyphilitic therapy, despite a negative serology. At nineteen he had 
an operation, supposedly for appendicitis, associated with abdominal pain and 
induced vomiting. The convulsions which lasted about ten minutes had oe- 
eurred irregularly, and at times had been replaced by combative, irritable, 
irrational behavior. Petit mal attacks were more frequent. In addition to 
these, and without apparent association with them, he had attacks of intense 
pain in the lower abdomen about once a month, which lasted several hours. 
Antisyphilitic treatment had been very irregular. Physically: He was a tall, 
extremely emaciated childish lad. Neurologically he showed absolute pupil 


fixation, slight right seventh nerve weakness, a fine tremor of the tongue and 


extended hands, and moderately increased reflexes. Stigmas: He showed grossly 
misshapen teeth, high arched palate, winged scapulae, marked asymmetrical 


shaped chest, scoliosis and saber shins. Mentally he was childish, made serap- 
books and read children’s stories; he had a very meager fund of general knowl- 


edge. was unable to do simple ealeulation, and was exceedingly dependent on 
Ms mother. 


_ 


Laboratory: Repeated blood Wassermann tests were negative, as 





‘ases 1 to 28 are reported in the previous papers of this series. 
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was the spinal fluid. Course: During a period of two months’ observation while 
on bismuth and tryparsamide, both the convulsive attacks and gastric crises 
had become noticeably less frequent. 

From personal studies, as well as the support from the cases cited in the 
literature, I am sure that one may find clinical congenital neurosyphilis, and 
specifically juvenile paresis, with a negative Wassermann test in the spinal 
fluid. These are rare numerically, but it is of major importance to recognize 
such a case clinically. Whether it may be due to a low virulence of the in- 
feeting organism, a poor formation of antibodies by the individual, a change 
effected by the age of the person, or by possible unknown amounts and effects 


of treatment, is entirely speculative. That it occurs is definite. 











Fig. 1.—Case 29 with negative serum and spinal fluid Wassermann reaction. 


Spinal Fluid Cell Picture.—The cellular reaction in juvenile paresis is no 
different from that seen in the acquired type. In the majority of cases, there 
is an increase in the number of cells, which are characteristically lymphocytes. 


There may, however, be no increase in cells, and several cases are reported 


having no cells in the spinal fluid. In the entire group of cases, there are 24 
instanees, when the cells numbered over 100 per e.mm., and there are six 
instances with over 200. In one instance they numbered 310 (Strecker and 
Ebaugh, 1925). 

Colloidal Gold Reaction.—As indicated in Table I the colloidal gold reac- 
tion was a strong first zone, so-called paretic, in 89 cases. In an additional 
fifteen, the change was either a weak first zone curve, or a change the 
second zone (‘‘syphilitic’’ type of curve). In a recent study in ac iired 





. 
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neurosyphilis in 500 cases, Bromberg and I'* found that no specific change in 
the colloidal gold curve could be regarded as diagnostic for a definite clinical 
type of syphilis, a fact well recognized, and recently stressed by Novy.” 
Consequently, it is hardly to be expected that all cases of juvenile paresis 
should show a ‘‘paretic’’ type of curve, and the fact that a case does not, in 
no way contradicts the diagnosis. 


SUMMARY AND CONCLUSIONS 


1. The blood Wassermann reaction was reported negative in seven cases of 
juvenile paretie neurosyphilis; such a finding occurs in at least 8 per cent of 
all forms of late congenital syphilis; a negative blood Wassermann occurs in 
about 5 per cent of general paresis. 

2. A negative spinal fluid Wassermann test is reported in six well-estab- 
lished cases of juvenile paresis; such a finding has been repeatedly reported 
in congenital neurosyphilis, and occurs in from 3 to 5 per cent of all cases of 
neral paresis. 


oe 

3. In the presence of sufficient evidence from the history, stigmas, and clini- 
cal signs and symptoms, a diagnosis of juvenile paretie neurosyphilis is justi- 
fied, when the blood and spinal fluid Wassermann tests may be negative. The 
cause for this negative serology is unknown: it may be due to age changes in 
the individual, to previous treatment, or to low virulence of the infecting 
organism. 

4. The spinal fluid cell count in juvenile paresis compares very closely to 
the findings in acquired general paresis, and varies from no ¢ells, to 310 cells 
per ¢.mm. 


5. The most common finding in the colloidal gold curve is the typical 
‘‘paretic’’ strong first zone curve, but other changes are found in from 10 to 
15 per cent of cases; this is also comparable to the findings in adult neuro- 
syphilis and in no way invalidates the clinical diagnosis. 
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BLOOD IODINE STUDIES’ 


THe Bioop lopine Arrer ToraL THYROIDECTOMY IN MAN 


GEORGE M. Curtis, PH.D., M.D., Louis E. Barron, A.B., M.D., AND 
FRANCIS J. Points, A.B. CotumBus, OHI0 


HE purpose of this paper is to present the results of a series of determina- 
tions of the blood iodine made previous to, immediately following, and 


subsequent to total thyroidectomy in man. 
METHODS 


Total ablation of the thyroid gland was made on five patients as a thera- 


4, , 6, 7, § 


peutic measure for cardiovascular disease." * All patients were 
maintained on the usual hospital diet, excluding only those foods known to 
have a high iodine content.* The usual amount of iodine in this diet, as deter- 
mined in our laboratory, ranged between 0.161 and 0.207 mg. daily. Lodized 
salt is not used in our hospital diets. The patients were maintained at bed 
rest, and no iodine in any form was administered throughout their entire man- 
agement. Their only daily source of iodine was in the food, water, and air 
intake. 

Blood samples for the blood iodine determinations were drawn mornings 
in the postabsorptive state. The iodine determinations were made after the 


method of Phillips and Curtis,’® which is an adaptation of the von Fellenberg 
procedure.” 

During preoperative control periods, the blood iodine of the patients was 
determined. Following the establishment of adequate control determinations, 
total thyroidectomy was made. Three of the patients were subsequently hos- 
pitalized for the investigation of the late results. These investigations were 
made under conditions similar to those previous to thyroidectomy. Three of 

ie patients have had blood iodine determinations made at frequent intervals 
the total thyroidectomy. 

Total thyroidectomy, in its strict literal sense, was not made upon the first 

patients. Fragments of thyroid tissue, attached to the posterior capsule, 


he adherent zone at the tracheo-esophageal suleus, were purposely preserved 


rder better to protect the parathyroids and the recurrent laryngeal nerves. 
each of these fragments were placed numerous fine hemostatic ligatures. 
total amount of thyroid tissue left behind in each of these patients was 


*From The Departments of Surgery and of Medical and Surgical Research, Ohio State 
rsity. 


teceived for publication, August 12, 1934. 
tead before The American Physiological Society, March 30, 1934. 
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definitely less than one gram. In the last three patients, total thyroidectomy 
was performed. In none of the five patients was there any evidence of opera- 
tive injury to the recurrent laryngeal nerves, or of subsequent parathyroid 
insufficiency. The latter was further checked by blood calcium and phosphorus 
determinations. 

OBSERVATIONS 


Curtis, Davis, and Phillips’? found the normal blood iodine to range be- 
tween 8.5 and 16.2 and to average about 12 gamma per cent. This is about 
the average finding as reported in the literature."* 

The results of the present investigation are presented in summary form 
in Table I and Fig. 1. The initial blood iodine of all five patients, previous 


to extended hospital bed rest, was definitely increased over normal. The high 
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Fig. 1.—The blood iodine previous to, immediately after, and subsequent to total thyroidectomy 
in man (H. G., Case 5, Table I). 





est value determined was 56 gamma per cent, the lowest, 19 gamma per cent. 
The average was 40 gamma per cent, Table I. When these patients were main- 
tained on adequate bed rest, and on a diet low in iodine, the blood iodine level 
fell to normal in three patients just prior to thyroidectomy (Table I). In the 
fourth and fifth it remained elevated, 23.2 and 20.0 gamma per cent (Table |). 
The average immediate preoperative blood iodine was 14.6 gamma per cent 
(Table I). The reason for the persistent elevation in the two patients is not 
clear. 

Several blood samples were obtained, in series, during the first twenty-' 
hours following thyroidectomy. In all five patients there ensued a trans'ent 
but striking postoperative elevation of the blood iodine (Fig. 1 and Table I). 
This returned to normal in approximately twenty-four hours. Following ‘his 
transient increase there ensued a gradual decrease in the blood iodine (Fig. 1). 
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The time required for this decrease to manifest itself varied among the patients 
(Table I). No satisfactory explanation, other than individual variation, can 
be offered for this lack of uniformity. In all patients, the blood iodine subse- 
quently decreased to a level far below normal and remained at this low level. 
From the data presented, it appears that following total thyroidectomy in man, 


the blood iodine is maintained at an abnormally low level. 


TABLE I 


THE BLoop IoDINE SUBSEQUENT TO TOTAL THYROIDECTOMY 


aad ae MAXIMUM 
INITIAL | PREOPERATIVE Z 
IMMEDIATE Se Sate — 
: BLOOD BLOOD | EVENTUAL RESULTS 
SUBJECT cll : POSTOP. BLOOD y 
IODINE IODINE GAMMA %& 


’ IODINE 
GAMMA % | GAMMA & 
, =e - GAMMA % 


. A. W. 55.5 13.: 3.1 23S | 94 days postoperative 
2. E. K. 41.5 ip 23.4 | 4.2 148 days postoperative 
3. ‘RB. H. 56.0 23.5 35.0 5.3 18 days postoperative 
am | 27.0 3.6 130.0 Sudden death, cerebral em- 
bolus, 40 hours postoperative 
5. H.G. 19.0 57.0 | 4.1 10 days postoperative Fig. 1 


Average | 39.8 54.1 | 3.9 


COMMENT 


In 1922 Hudson" reported an increase of the blood iodine subsequent to 
total thyroidectomy in dogs. This occurred within the first forty-eight hours, 
and remained persistently elevated. Upon feeding sheep’s thyroid gland, he 


‘ 


reports a reduction of the blood iodine ‘‘so that it approximated the preopera- 
tive level.’’ When thyroid feeding was discontinued, the blood iodine was again 
found to be increased. 

Hudson’s late results are questioned by Sturm,'® who regards this persistent 
postoperative elevation of the blood iodine as due to blood analyses made during 
an inadequate postabsorptive period. The determinations, hence, were influenced 
by the alimentary absorption of iodine-containing foods. Sturm is unable to 
account for the decrease in the blood iodine level following the feeding of 
sheep’s thyroid gland, since the latter is rich in iodine and, therefore, an in- 
crease rather than a decrease in the blood iodine level should have ensued. Our 
findings and conclusions are in accord with those of Sturm. 


\ssociated with the immediate postoperative increase of the blood iodine 
in our patients, there was an increased excretion of iodine in the urine. This 
persisted for about two days and then subsequently returned to normal. The 
explanation for this is not entirely clear. It would at first seem that surgical 
manipulation and trauma to the thyroid gland might liberate iodine-containing 
substances into the blood stream, and thereby result in an increased loss of 
iodine in the urine after first increasing the blood iodine. The explanation is 
hot as simple as this. Subsequent to partial thyroidectomy there ensues a 
great increase in the loss of iodine in the urine.’*® However, the urinary excre- 
tion of iodine is increased during the first forty-eight hours following other than 
thyroi! surgery,’” after which there ensues a gradual return to normal. 
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CONCLUSIONS 


1. Immediately following total thyrvidectomy in man there ensues a tran 
sient increase in the blood iodine, which persists for about twenty-four hours. 

2. After variable periods following total thyroidectomy, the blood iodine 
decreases to about one-third normal. 

3. The presence of iodine in the blood following total thyroidectomy is 


probably due, in part, to the absorption of iodine from the alimentary tract. 
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THE VAN DEN BERGH REACTION (RING TEST TECHNIC) AND 
HEMOGLOBIN-BILIRUBIN INTERRELATION IN ICTERUS 
NEONATORU M* 


NorMAN W. Ettron, M.D., Reapina, Pa. 


HE findings presented herewith were obtained in a study of icterus neo- 

natorum undertaken to determine the character of the van den Bergh 
reaction by the ring test technie and to correlate changes in blood hemoglobin 
and bilirubin levels during the first ten days of life. In twenty-four consecutive 
full-term infants, delivered in the Obstetrical Department of this Hospital, 
blood specimens were taken from the sagittal sinus through the anterior fon- 
tanel at frequent intervals during the neonatal period. Each infant was sub- 
jected to at least four fontanel taps for this purpose. On each specimen the 
ieterus index, van den Bergh reaction, and bilirubin content of the serum were 
determined. In twelve infants, in addition to these tests, hemoglobin values by 
the improved Newcomer method, and erythrocyte counts were also determined. 
Including cord blood specimens obtained at delivery, 131 specimens have been 
examined. The data have been fully tabulated and will be discussed after a 
brief historical summary. 


HISTORICAL SUMMARY 


All mammals exhibit a progressive increase in blood bilirubin content for a 


few days after birth.’ In the human infant this physiologie icterus is usually 
visible in the skin or selerae in about 60 per cent by the third day and dis- 


appears within a week. Opinion has long been divided as to the etiology of 
this icterus. Hoffmeier® originally believed it due to a sudden and rapid de- 
struction of red cells, while Heynemann®* later considered it primarily due to 
a disturbance of liver funetion. Between these two schools of thought, the 
division of opinion has persisted to the present time. 

Van den Bergh and van Westrienen* were the first to note that serum 
‘rom cord blood was always more yellow than that of the blood of the mother 
or of normal adults, regardless of whether or not the infants manifested a 
visible jaundice. They assumed correctly that the yellow color was caused 
by the pigment bilirubin. 

Ada Hirseh,’ using the diazo reaction of Ehrlich, which van den Bergh,‘ 
‘ollowing Préscher’s suggestion, had just adapted to the detection and meas- 
rement of serum bilirubin, made quantitative determinations on the blood of 
le newborn. She found that during the first twelve hours of life the serum 


ee 
*From the Department of Pathology, St. Joseph’s Hospital. 
Received for publication, September 20, 1934. 
Clinical material made available through the courtesy of Dr. Jackson Stuart Lawrance, 
Department of Obstetrics, St. Joseph’s Hospital. 
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bilirubin rose rapidly, then more slowly, but progressively, to attain a maximum 
on the second or third day. Visibly jaundiced infants maintained this high 
level throughout the period of its visibility, while those who did not develop 
visible jaundice, or showed but a slight visible jaundice, exhibited the same 
sharp rise in the serum bilirubin curve, but a subsequent sharp drop to rather 
low values. 

Van den Bergh concluded, from his own observations and those of Ada 
Hirsch, that the intensity of the hyperbilirubinemia per se bore no direct. rela- 
tionship to the subsequent development of visible jaundice in the newborn, 
and that no fixed threshold of visibility could be postulated in terms of quan- 
titative bilirubin. This conelusion is fully sustained by the findings of the 
present study. 

Herlitz’ applied the bromsulphalein test for liver function in thirty 
infants not visibly jaundiced, and found a thirty-minute dye retention of 20 
to 30 per cent in five under twenty-four hours of age, 10 to 30 per cent reten- 
tion in seven under seven days of age, 20 to 30 per cent retention in five from 
two to three weeks of age, 10 per cent in eight from one to four months old, 
and no retention in five after the fifth month. In eight others, exhibiting a 
definitely visible icterus, the retention was no greater in corresponding age 
periods. His conclusion was that the liver obviously does not funetion prop- 
erly in the newborn. 

Considerations supporting excessive blood destruction as the underlying 
factor in icterus neonatorum are based on the decrease in the erythrocyte 
count from a condition of relative polycythemia on the first day of life toa 
count within normal limits ten days later, as occurs in the majority of in- 
fants, and the supposition that this polycythemia is induced by a relative 
anoxemia during intrauterine life, as suggested by Goldbloom and Gottlieb,’ 
who found that guinea pigs subjected to a reduced atmospheric pressure de- 
veloped polyeythemia, and that on restoration to a normal environment the 
disappearance of this polyeythemia was accompanied by a moderate increase 
in the serum bilirubin level. 

Changes in the hemoglobin content and erythrocyte count in the blood of 
the newborn have been reported quite fully by Forkner,® whose average find: 
ings for the first, fourth, seventh, and tenth day periods were 20.49, 21.11 
19.46, and 19.04, respectively for hemoglobin values in grams per 100 c.c., and 
6.0, 5.5, 5.6, and 5.3, respectively for the red cell counts in millions. Forkner’s 
figures for the variations in the red count are closely paralleled by those re 
ported by Lucas,” who found 5.5, 5.2, 5.1, and 4.1 millions for corresponding 
periods. Other investigators have reported counts ranging as high as 8 mil 
lions. The studies of Aitkin" clearly show that the polycythemia develops 
after birth, rather than being already established prior to birth, and attains 
its maximum within forty-eight hours. The tendency of the erythrocyte cout 
to decline during the first ten days of life, exclusive of the first twenty-four t 


forty-eight hours, is definite enough when averages are considered, but ind: 
vidual cases often exhibit marked deviations from the average trend, as 
demonstrable by the fact that in three of Forkner’s nine infants on whom @! 
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least three determinations were made, the maximum red counts were obtained 
during the third to eighth days of life. Hence, in a study of ieterus neo- 
natorum simultaneous determinations of changes in hemoglobin and bilirubin 


levels in individual cases are essential. 
THE VAN DEN BERGH REACTION 


The Immediate Reaction.—lIn this series the van den Bergh reaction has 
been determined by the ring test technic advocated by Magath.'* A measured 
amount of clear serum (1 ¢.c.) is placed in a 15 ¢.c. (graduated) centrifuge 
tube with a tapering lower end. The tube is then slanted and 0.5 ¢.c. of 
Ehrlich’s diazo reagent is carefully overlayed on the serum from a pipette. 
Positive reactions are indicated by the development within a few seconds of a 
red ring of azobilirubin at the contact zone between the two fluids. Most of 
these reactions are practically immediate in occurrence when bilirubinate, 
originating from the liver parenchyma as a conversion product of bilirubin, 
is present even in very small traces. After a minute has elapsed, if no reac- 
tion has been observed, the tube is carefully shaken to mix a portion of the 
serum with the reagent. Because of the taper of the tube, serum near the 
bottom will not be so readily disturbed as the upper portion of the serum, and 
the contact zone may be lowered to any desired level. Undisturbed serum 
below may now be compared with the overlying serum reagent mixture, thus 
affording a satisfactory control for the detection of color changes and their 
speed in the same tube. Occasionally a red ring will develop in a lowered con- 
tact zone, although it failed to appear when the reagent was originally overlayed 
on the serum. These reactions are also considered positives, due to their 
definite relationship to the immediate reactions as shown by serial studies, al- 
though they should be qualified as taking place after a measured delay period. 
Hence the van den Bergh reaction, by the ring test technic, has been recorded 
as positive, implying an immediate reaction, or positive after a stated interval 
of two minutes or less. 

The ring test technic alone appears to make possible so frequently the detee- 
tion of positive van den Bergh reactions in icterus neonatorum, for they are 
not usually demonstrable by the ordinary procedure. The degree of hyper- 
bilirubinemia is evidently not the determining factor in their production 
(e.g., Infants 15 and 22). 

The golden reaction is characterized by a definite and immediate diffusion 
of a golden yellow color upward from the serum into the diazo reagent over- 
lying it. This type of reaction is frequently encountered in the blood of the 
newhorn, and may occur with or without the simultaneous or later develop- 
men! of the positive (red) reaction. 

he Delayed Reaction.—The sensitiveness of the ring test technic is strik- 
ingly demonstrated in icterus neonatorum, for if, after a red ring has de- 


Veloped, the serum and reagent are thoroughly mixed, even a delayed reac- 


tion ‘ails to manifest itself. It was observed that in several specimens of 
cord blood, although the ring test was negative, an atypical reddish brown 
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TABLE I 


INDIVIDUAL CASE Data 


IN 


OF 


NUMBER 
VISIBILITY 


100 c.c. 
JAUNDICH 


INFAN' 
AND SEX 
REACTION 
MG. 

RED COUNT 
MILLIONS 
DEGREE 
OF 


| HEMOGLOBIN 


| QUANTITATIVE 


to | BILIRUBIN 


—_ 
ow | 
= 


Negative 
Negative 
Golden 
Golden 
5. Negative 
5 Negative 


“10 HICTERUS INDEX 


1weo 


ae! 
oo = 2 


9 


1 
1 


te 


Cord 18. Golden 
4 60. Positive 
6 75. Positive 
8 60. Positive 
10 60. Positive 


Cord 21.4 Golden 
2 37 SD Golden 
4 60.0 Positive 
50.0 Positive 
50.0 Positive 
30.0 Golden 


Negative 
Golden 

Pos. (1 min.) 
Golden 
Negative 


Golden 
Golden 

Pos. (1 min.) 
Golden 
Negative 


Positive 
Golden 
Positive 
Golden 
Golden 


Negative 
Golden 
Golden 

Pos. (1 min.) 
Pos. (1 min.) 
Golden 
Golden 


Golden 
Golden 
Positive 
Negative 
Negative 
Negative 


Negative 
Golden 
Golden 
Golden 

Pos. (1 min.) 
Negative 
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TABLE I—Conr’p 


INDEX 
IN 


NUMBER 


JAUNDICE 


INFANT 
ICTERUS 
REACTION 
QUANTITATIVE 
RED COUNT 
MILLIONS 
VISIBILITY 


* = BILIRUBIN 
OF 


Negative 
Golden 
Golden 
Golden 
Golden 
Golde 


' 


Golde 

Golde 

Golde 
60.0 Golde 
50.0 Golde 
50.0 Golden 
50.0 Golden 


Negative 
Golden 

Negative 
Negative 


Negative 
Golden 
Golden 

Pos. (1 min.) 
Golden 
Golden 


Negative 
Negative 
Golden 
Pos 
Golden 
Positive 


Negative 
Positive 
Golden 
Negative 
Negative 


21.4 Negative 
$3.0 Pos. (2 min.) 
50.0 Positive 
60.0 Positive 
60.0 Positive 


16.6 Negative 
hem. Negative 
43.0 Positive 

50.0 Positive 

30.0 Pos. (2 min. 
21.4 Positive 


me Loe CL 


30.0 Golden 
37.5 Positive 


*.5 


50.0 Positive 
37.5 Pos. (2 min.) 
37.5 Positive 
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TABLE I—ConrT’p 


NUMBER 


OF 


INFANT 

VAN DEN BERGH 
QUANTITATIVE 
BILIRUBIN 
HEMOGLOBIN 
RED COUNT IN 
MILLIONS 
DEGREE 
VISIBILITY 


Pos. (deepens) 
Golden 
Positive 
Positive 


~ 
SO w 
oo 

1 0 © 


- ons 


os 


Negative 
Golden 
Positive 
Positive 
Positive 


Negative 4 
Golden 3.3 
Golden 3.¢ 

Died with intraadrenal hemorrhage 


8.8 Negative 
25.0 Golden 
50.0 Golden 
43.0 Golden 
37.5 Golden 
30.0 Negative 
15.0 Negative 


ore toe 
wwe 1S ww 


5m eC 


Ole i i | 


— 


10.0 Negative 
15.0 Golden 

15.0 Negative 
15.0 Negative 
10.0 Negative 


a i if 


wo 


wt 


10.8 Negative 

16.6 Negative 
Hemolysis a 
Hemolysis 

21.4 Golden 

18.7 Golden 


17.5$ 

18.34 
19.54 
17.36 
17.59 


mm robo wo hoe 
= GO bo 


NOTES: 

1. Infant 21 died on second day. Autopsy revealed massive hemorrhage in right adrenal. 
Ductus venosus patent. No bile retention in liver lobules microscopically. Slight trace of 
fresh bile in duodenum and upper jejunum. Meconium column low in ileum. 


Andersen technic. 


2. Bilirubin values are given in milligrams per 100 c.c. of serum by Thannhauser and 


color developed in the upper layer of serum reagent mixture when the con- 
tact zone was lowered. Possibly these reactions, definite but not strong, are 


pseudoreactions, for they were not found in specimens of sinus blood, and 


they may imply that some reactions of the delayed type are not always true 
azobilirubin reactions. 

The greatest value of the ring test lies in the fact that many reac ions, 
which would be termed delayed by the ordinary procedure in the conditions 
with which jaundice may be associated, are proved to be true positives, 4 


3 


has been demonstrated in a previous study,’* and the incidence and ipor- 
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TABLE IA 


SUPPLEMENTARY DATA 

BIRTH WEIGHT PERCENTAGE DAY OF APPEARANCE OF 
POUNDS OUNCES WEIGHT LOSS FIRST YELLOW STOOL 

8 { O% 
6 5% 
6 4 2% 
6 3% 
6 3% 


od 


INFANT NUMBER 


15 
16 
17 
18 
19 
20 
2] 


oo 


0” 
o 


24 


tance of the delayed reaction is markedly reduced. Serial studies during the 
development and recession of jaundice in adults indicate that only delayed 
reactions with very short delay periods are of any practical significance, and 
that they are definitely associated with the positive reaction itself, originating 
from a functional or pathologie disturbance of the bilirubin exeretion mecha- 
nism in the liver. Five minutes is regarded as long enough to wait for a 
delayed reaction of any clinical significance. 


INTERPRETATION OF FINDINGS 


Correlation of the intensity and duration of icterus neonatorum with birth 
weight, sex, percentage weight loss in the neonatal period, and the appearance 
of the first yellow stool has proved difficult if not impossible, and certainly 
occult. Percentage weight loss may be regarded as a fair criterion of de- 
hydration, but infants exhibiting no loss, or only a slight loss, develop jaun- 
dice of no greater or less intensity than others showing maximum losses. The 
time of appearance of the first yellow stool, affording evidence of active bile 
excretion after birth, is governed not only by the initiation of postnatal liver 
activity, but also by the variable interval of time required for the expulsion 
of the meconium column, and is, therefore, of little significance. 

The interpretation of the development of the positive van den Bergh re- 
action during the course of icterus neonatorum is essentially the same as in 
the iterus evolving from interstitial blood extravasations,™ in that it is in- 
dicative of the passage of a pigment overload through the functioning lobules 
of the liver. As an integral phase of the excretion process for bilirubin, conver- 


ion of bilirubin to a bilirubinate occurs before the pigment is finally excreted 
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into the bile canaliculi, and leakage of the positive-reacting bilirubinate from th 
sensitive and readily congested central zone polygonal cells of the liver lobules 
into the liver lymphaties or sinusoids causes the appearance of the positive van 
den Bergh reaction in the general blood stream. In the icterus resulting from 
the absorption and excretion of a surplus of bilirubin derived from the disin 
tegration of hemoglobin in interstitial blood extravasations, the positive van den 
Bergh reaction, when it develops, occurs near the peak of the bilirubin curve. 
and is followed by a recession of the jaundice. Many of the curves obtained in 
this study of ieterus neonatorum exhibit a similar phenomenon. 

The contention that icterus neonatorum is caused chiefly by excessive 
blood destruction is not supported by the interrelation of bilirubin, hemo 
elobin, and erythrocyte changes in individual cases, for fluctuations in red 
counts and hemoglobin values often occur quite independently of and dispro 
portionately to bilirubin changes, and losses in hemoglobin or red cells are 
not accompanied by corresponding rises in bilirubin levels. On the contrary, 
the only correlation existing with any degree of constancy is that rises in 
hemoglobin accompany rises in bilirubin, and that the hemoglobin declines 
with the bilirubin. Correlations with red counts exhibit even greater disparities. 

Factors involving the liver, however, afford reasonable etiologie possibili- 
ties. The period of the patency of the ductus venosus Arantii, which acts as 


an Eck fistula during the first few days of life, corresponds exactly with the 


TABLE II 


OCCURRENCE OF POSITIVE VAN DEN BERGH REACTIONS WitH RING Test TECHNIC IN ICTERUS 
NEONATORUM 


DAY OF LIFE NEGATIVES POSITIVES PERCENTAGE 
OF POSITIVES 
Cord 18 0% 
1 10 0% 
2 1] 9 15% 
1] § 31% 
4 50% 
7 50% 
4 e 55% 
10 33% 
4 13% 
33% 


4 20% 


TABLE III 


AVERAGE IcTreRUS INDEX, HEMOGLOBIN CONTENT, AND BILIRUBIN CONTENT OF BLO‘ OF 
NEWBORN 


HEMOGLOBIN BILIRUBIN 
(am./100 c.C.) (mG./100 c.c.) 


_ 1.0 (18) 

16.42 (11) 3.1 (24) 

15.60 (11) 4.2 (24) 

17.08 (11) 4.4 (23) 
i 


DAYS OF LIFE ICTERUS INDEX 


Cord 14.2 
31.6 
40.0 
44.2 
32.9 
9-10 28.8 


oo 
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15.95 (10) 3. 
15.66 (10) 2.9 


*Figures in parentheses indicate number of specimens on which the average is bas 
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phenomenon of icterus neonatorum. Furthermore, the circulatory changes 
incident to birth should have a marked effect upon both the hemoglobin and 
the bilirubin metabolisms. 

The hemoglobin metabolism will be affected by the interruption of the 
arterial blood supply through the umbilical vein from the placenta and the in- 
stitution of oxygenation of the infant’s blood in its own pulmonary circulatory 
system. Immediately following birth the ductus arteriosus shunts a large 
amount of the blood in the pulmonary artery directly back into the thoracic 
aorta, until it undergoes a process of obliteration not entirely completed for 
several weeks, before the pulmonary circulation becomes independent. <A 
partial anoxemia, due to the fully functioning ductus arteriosus at the time 
of birth, would reasonably account for the rapid increase in erythrocytes dur- 
ing the first hours of life, creating a relative polycythemia as a compensatory 
mechanism, operative until the ductus arteriosus undergoes sufficient initial 
stenosis to establish a more compatible circulatory balance for the free-living 
child. During this period of readjustment from a parasitic life to an independ- 
ent existence hemoglobin will be in demand, and the large iron reserve with 
which the newborn are endowed’ will be utilized. 

Liver function will to some extent be impaired by this transient partial 
anoxemia subsequent to birth, but the patent ductus venosus, lessening the 
blood supply of the liver by diverting the portal flow directly into the vena 
eava will greatly impair its efficiency as an excretory organ for bilirubin, and 
retention of the pigment in the blood stream will result. If, when the liver 
finally begins to excrete bilirubin effectively, after the closure of the ductus 
venosus, a sufficient proportion of its lobules become active and the pigment 
retention has not been too great, lobular overloading will not be sufficiently 
intense to cause leakage of bilirubinate, and positive van den Bergh reactions 
will not appear in the general circulation; but if bilirubin retention has been 
marked, or the liver does not commit to action an adequate number of its 
lobules, then positive reactions may develop from the leakage of bilirubinate 
from the overload-congested central zones of the functioning lobules. 

Henee, the changes in hemoglobin and bilirubin content taking place in 
the blood of the newborn, appearing as two independent and only indirectly 
related phenomena, may logically be considered to be induced primarily by 


the patency of the ductus arteriosus and of the ductus venosus respectively. 


SUMMARY 


in twenty-four full-term infants 131 specimens of blood have been examined 
at frequent intervals during the first ten days of life to determine the charac- 
ter of the van den Bergh reaction by the ring test technie and to correlate 
blood bilirubin and hemoglobin changes during the course of icterus neo- 
hatorum. 
he positive van den Bergh reaction was found to oceur with a frequency 
of 36 per cent in all specimens during the second to tenth days, and to attain 
4 Maximum frequency of 55 per cent on the sixth day. 
Since the most complete studies reported in the literature on variations in 
‘rythroeyte counts and hemoglobin values in the newborn show that a relative 
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or absolute polycythemia develops after birth, and usually within the first 
two days of life, and since during this same period the bilirubin level is rapidl) 
rising in the blood, the postulation of excessive blood destruction as the under 
lying cause of icterus neonatorum does not appear reasonable. Partial an 
oxemia induced by the patency of the ductus arteriosus, and a disturbance 
of liver function induced by the patency of the ductus venosus Arantii provide 
rational explanations of the transient polyeythemia and jaundice during the 
early neonatal period as two independent phenomena. 

No correlation has been found in the data derived from this investigation 
supporting the assumption that blood destruction is a factor of any appre- 
ciable significance in the etiology of icterus neonatorum. The levels of bili- 
rubin and hemoglobin in the blood tend to rise and fall together, although at 


times subject to erratic fluctuations. The patency and closure of the ductus 


venosus are presented as the logical factors in the etiology, intensity, duration, 
and termination of this icterus. 
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RHEUMATOID ARTHRITIS AND ITS TREATMENT BY GOLD SALTS* 
THE RESULTS oF Stx YEARS’ EXPERIENCE 
Jacques Forestier, M.D., Paris, FRANCE 


HOUGH the work of Mollgaard of Copenhagen on the action of gold salts in 

experimental tuberculosis in calves has not been checked by many authors, 
there is sufficient clinical evidence that in well chosen cases of human tubercu- 
losis these compounds are of value to cheek at least temporarily the evolution 
of the disease. 

Feldt has shown that in experimental infections in animals gold salts had 
no action if injected at the time of the inoculation of bacteria. On the contrary 
they can control these infections if injected some time after the inoculation.’ 
These experiments suggest that if those compounds have no direct bactericidal 
effect, they are able to stimulate the defense reaction, once they have started in 
the infected subjects. It may account also for the fact that gold compounds 
seem to be more effective in subacute and chronic diseases, than in acute infec- 
tions. 

If gold salts are active in a chronic disease like human tuberculosis, why 
should they not be active in another chronic disease in which an important in- 
fectious factor seems to be present? If our hypothesis were true, it should soon 
be demonstrable that gold salts are active in true rheumatoid arthritis and in all 
forms of infective arthritis. This was the basis of our conception and the start 
of our use of gold salts in the treatment of arthritis. More than six years have 
elapsed, and our experience based on over 550 eases treated and observed during 
at least two or three years has proved conclusively the correctness of our opinion. 
Injections of gold salts when properly administered have given better results in 
the treatment of atrophic (rheumatoid) arthritis and of all forms of infective 
arthritis than any previous method employed in France; on the other hand, they 
have little aetion, if any, on the different forms of degenerative arthritis, osteo- 
arthritis 


With these ideas in mind, I started in 1928 to select a certain number of 
severe forms of chronie polyarticular arthritis, for treatment by gold salts.? 
Following the procedure employed in the treatment of tuberculosis, I experienced 
some }|!-effeets due to over-dosage, such as stomatitis and erythema; but in spite 


of the high percentage of such incidents (25 per cent) I was gratified to observe, 
after {wo years’ experience, that more than 60 per cent of my patients had 
great!’ benefited from this treatment. In a few instances the clinical results 
Were so surprisingly good that, for the first time, I got the impression that the 


m the Hopitaux de Paris and the Hospice Thermal Reine-Hortense, Aix-les-Bains. 


- 
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patients were not only free from symptoms, but practically cured.’ A recent 
paper of G. Slot and P. M. Deville and others, of London, confirmed our work on 
this subjeet.t. In Germany the problem has been approached with success )) 
Umber® and Zimmer.* 

The chemotherapeutic treatment of chronic diseases is no easy matter, be 
cause the physician cannot be content with a mere temporary improvement but 
desires to find a complete cure if such is available. Furthermore, spontaneous 
remissions, or, more rarely, spontaneous arrest of the disease may be attributed 
to treatment. This is why we cannot judge the action of any new therapeutic 
either in a short period of time, or with a few cases. 

In checking the evolution of arthritis we cannot rely only upon clinical 
symptoms; they must not be disregarded, but we would like to have a specific test 
which could inform us as to the value of the actual treatment. 

We can, however, say that even if the problem has not yet been entirely 
solved since we have not yet any specific reaction in connection with rheumatoid 
arthritis, like the Wassermann in syphilis, we have at least two reliable labora- 
tory tests, which give us a fair measure of the activity of rheumatoid arthritis. 
These are the resorein-flocculation test of Vernes and the sedimentation rate of 
the red corpuscles test of Faehreus-Westergren. For the past four years we have 
been strongly advocating the use of these tests for arthritis in Franee, and they 
are now beginning to be commonly accepted. The value of the latter has been 
pointed out by some English and American authors (Race,’ Buckley, Dawson, 
M. H., Sia, R. H. L., Boots, R. H.,° Rawls® and others). 

The Resorcin-Flocculation Test of Vernes—In 101 eases of inflammatory 
arthritis, mostly of the polyarticular rheumatoid form, we have found with 
Coste and Lacapere an average figure of 44.5. On the other hand, in 54 cases 
of osteoarthritis, the average figure has been 14.7 which is very similar to the 
average figure obtained in supposedly normal subjects. 

The Sedimentation Rate of the Blood Corpuscles'” which has been introduced 
in medical practice by Faehreus and Westergren is easier, and gives the most help. 
The technic which is the simplest and the most reliable is that of Westergren. 
We express it usually by measuring the height of the supernatant plasma after 
one, two, and twenty-four hours. The first hour is the most important (Normal: 
4-6 mm. in men, 6-8 mm. in women). In the past five years we have made with 
Gerbay several thousand determinations, and we believe that all the proposed 
improvements in the technic of the method, are fallacious; since it is a non- 


specific test, and only the comparative values in the same patient are interesting 
se of 


toid 


and not the absolute figures. Our findings have been very similar to th: 
Dawson, Sia, and Boots, and we can state that in almost every case of rheum 
arthritis in process of evolution the sedimentation rate (S.R.) is perma! ntly 
accelerated, very often over 30 and 50 mm., for the first hour. 

But the prognostic value of the sedimentation rate is far greater t] its 


sted 


diagnostic value. Our patients under treatment with gold have been 
almost every month, and at the beginning and at the end of every series (ft lr 
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jections. By this method, it is possible to draw a curve which represents better 
than any other data the process of evolution of the disease. After an experience 
of over four years the following statements can be made regarding the sedimenta- 
tion rate. If the curve remains on a high level, even falling slightly, but with no 
real tendency to come back to normal figures, it means that the disease is pro- 
eressing and, if the patient is being treated, it shows that the treatment is of 
little effect. If the curve, even after a period of being stationary at a high 
level, tends very progressively to come down and reach normal figures (under 
10 mm.) in a few months, it means that the progress of the disease is being ar- 
rested and that the treatment is efficient. 

It will not be possible, however, to consider that the patient is really elin- 
ically cured until a long time has elapsed after the cessation of treatment. The 
sedimentation rate must remain normal when recorded at regular intervals of 
three to six months. 

If the curve, even after a long period of normal figures, has a tendeney to 


rise up again, even slightly, and even with no elinical svmptoms, it is almost 
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Fig. 1.—Graph of the sedimentation rate (first hour figures, Westergren’s method) and 
resorcin flocculation, in a patient submitted to gold salt treatment. Case of generalized atrophic 
irthritis of eighteen months’ duration, in a patient forty-two years of age, a mother of 
nine children, onset at eighth child’s birth. Note slow descent of both curves under action of 
Weatment, and relapse due to discontinuance of injections. Control of relapse was obtained 
by another series. Allo, gold salts. C. Th., thermal treatment. 
certain that the disease is starting again and active treatment should be resumed 


at once (Fig. 1). 
INITIATION OF THE TREATMENT OF GOLD SALTS 


Before commencing a course of treatment by means of gold, cases should be 
carefully selected. A test of the tolerance of the patient toward the drug 
should be earried out, sinee, while it is effective, the method of treatment may 
at times give rise to untoward effects. The resorein-flocculation test whenever 
feasibl: and the sedimentation rate must be made to test the actual condition 


of the jisease and its tendeney to aggravation. 


INDICATIONS 


The selection of cases for gold salts treatment is most important if disap- 
pontine results are to be avoided. Gold salts are active in every form of inflam- 
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matory arthritis, almost at every active period of its evolution, but may have 
practically no action in degenerative arthritis in its different forms. Here are 
the main indications: 

I. True rheumatoid arthritis in its more serious forms at the beginning of 
its evolution (subaeute) when swelling of the joints has just appeared; but even 
at much later stages, when distortion, ankylosis, and intense muscular atrophy 
have taken place. At middle age the form which occurs in women at the 
climacteric period can be equally treated with success. 

We have seen considerable improvement amounting to cure in patients over 
eighty years of age. Multiple synovitis without articular involvement responds 
favorably to gold salts. 

Il. Chauffard-Still’s disease in childhood. 

III. Foeal infection (metastatic) arthritis of the oligoartieular or mono- 
articular form, whatever the germ may be, gonococcus, Bacillus coli, dysenteric 
bacillus, ete., and also when the germ is unknown. 

IV. Attenuated forms of tuberculous arthritis of the fibrous type, which 
may be held as transition types between true rheumatoid arthritis and what we 
call in France, ‘‘tumeur blanche.’’ They are often associated with an enlarge- 
ment of the lymph nodes, and respond satisfactorily to gold salts treatment, 
but generally need higher dosage. In true tuberculous arthritis, especially when 
visceral localization of the disease is coexistant, it is interesting to point out that 
gold salts treatment is not quite so successful, and higher dosage is required. 

V. Ankylosing spondylitis which is an inflammatory arthritis of the small 
joints between the facettes of the spine, resulting finally in the calcification of 
the perivertebral ligaments. This disease is associated with permanently acceler- 
ated sedimentation rate in its active stage. It responds favorably to gold salts 
treatment. Ankylosis can be prevented if the condition is early diagnosed and 


treated before general calcification of the spine takes place. 
CONTRAINDICATIONS 


Conversely, experience has shown that gold salts are of little, if any help, 
in the treatment of the different forms of osteoarthritis (arthrosis), namely, 
spondylitis deformans with true osteophytie productions on the bodies of the 
vertebrae, and hip joint arthritis of the form of Malum coxae senilis (on the 
other hand, polyarticular arthritis of rheumatoid type involving the hip jvints 
is a true indication for gold salts) ; osteoarthritis of the knee joints of old women, 
Heberden nodes, ete.; we do not use any more in such eases. 

Once it is recognized that the patient is a case for gold salts treatment, the 
second question which arises is whether the organic resistance is satisfo tory 
and will allow of such chemotherapeutic treatment. Severe diabetes, Bri zht’s 


disease with marked albuminuria and tendency to uremia are, of course, dv ‘inite 


contraindications. Hyperpiesia, except when very high, permits the use « gold 
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salts provided the treatment is well supervised. When a definite hepatic im 
sufficiency is obvious, the treatment should be avoided, but when only mild symp 


toms of liver deficiency are detected, treatment is permissible. We do not treat 


patients who have shown definite hemorrhagic tendency (hemogenia, hemophilia). 


As a routine examination, in addition to the sedimentation rate, we carry out on 
our patients before the beginning of gold salts treatment the following labora- 
tory tests: 

Urine: albumin, sugar, 

Blood: cholesterine, urea. 

Blood corpuscles: complete count of white cells and red cells with Arneth’s 

index, 

Time of coagulation: time of bleeding. 

If no contraindieation is detected, the treatment mas be commenced at onee. 
If a definite focus of infection has been detected it will be attended to immedi 
ately, only if the general condition of the patient is favorable. If not, it seems 
wise to attempt to build up the patient’s resistance, before submitting it to any 


surgical shock. The use of gold salts is a help in this matter. 
CHOICE OF GOLD SALTS 


The only active salts are those which contain a high proportion of gold 
H) to 60 per cent) combined with a sulphur radieal. Neither colloidal gold 
Which acts as a colloid, nor gold chloride and cyanide are effective for our pur- 
posi 

As far as the form of injection is concerned, our method being an ambula- 

one, we prefer the intramuscular route. Such injections may be given by 

ed nurses or even by properly trained relatives of patients, provided the 
iment is closely supervised by the physician, 

(iold salts can be injected either in aqueous solution or oil suspension. The 
und which we used at the start of our experiments was an aurothiopro- 
sulphonate of sodium (allochrysine). 

\fter three years’ experience, we had arrived at the following method of 
stering allochrysine. Injections are given at weekly intervals, starting 
oses of 5 eg. and repeated two or three times, the immediate reactions 
reactions, temperature, malaise) being watched. If little or no reaetion 
s, weekly doses are raised to 10 cg. and the total for the first series ranges 
1 1.50 gm. and 2 gm. in polyarticular rheumatoid arthritis. When we wish 
i more intensive treatment, we diminish the intervals of injections to five 
three days, but we never increase the dose beyond 10 eg. for one injection. 


* 


aurothiomalate of sodium (myochrysine)* may be given in about the 
se as allochrysine, or even in higher doses. We generally use weekly 
s of 10 to 20 eg. approximately. It is water-soluble and lipo-insoluble 


hrysine is manufactured in U. S. A. by Merck & Co. 
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and is rather quickly absorbed either in aqueous solution or in oil suspension; 






it corresponds to the following formula: 






COO Na 






CH, 


CH-S-Au 






| 
COO Na 






The aurothioglycolate of calcium (myoral)* is insoluble both in water and 






oil, therefore has to be injected in oil suspension only, so it is rather more slow]) 






absorbed. It has given also favorable results. 





The aurothioglucose (solganol B) can be given in higher dosage than any 





of the gold salts previously mentioned. Starting with the same dose of 5 eg., we 






have been able to increase the weekly dosage up to 20 and sometimes 30 eg., the 





total amount for the series ranging between 2.50 em. and 3 em. The percentage 
. ‘ . 5 






of improvements is about the same as with the other salts. 






Whatever compound is used, the interval between the first two series should 





not exceed six to eight weeks. Later on, it ean be increased to three or four 






months, if the patient has been making good progress. 





The dosages given are the results of experience varying between six years 





for allochrysine and two or three years for the other salts. They have proved 






to be the best for obtaining a high proportion of good results with a small 






number of incidents and untoward symptoms. My colleague and coworker, F. 





Coste,’ has recently proposed higher dosage in severe forms of arthritis, but 







I eannot recommend them as a routine method. 
















Recently, we have had the opportunity of using the original sanoerysin in 
oil suspension. It is well tolerated, but as solganol B it requires slightly higher 
dosage to give equal results to myochrysine, myoral, or allochrysine. . 
In the light of our present experience we are not able to recommend the ad- ' 
ministration of gold salts by mouth, as an initial treatment in rheumatoid 
arthritis, : 
I. Whatever gold salt is chosen, our first principle is that treatment should 
be carried out by regular series of doses with intervals of rest as deseribed, 
during at least one or two years, just as antisyphilitic treatment is carried out t 
hy chemotherapy with arsenic, mercury, or bismuth. Any attempt to treat r 
rheumatic patients by incomplete or by one series only, will lead to failur: or } 
rapid recurrence of symptoms after partial improvement. ( 
II. The second principle of the treatment of rheumatoid arthritis by vold n 
salts is that it should be applied as soon as possible after the onset of the dis: ase. a 
Although the treatment is efficient even in cases of long standing, the results are \ 
far better when it is applied in early cases. i 
III. The third point is that the effect of the treatment should be ehevked 
at regular intervals by means of blood examinations. We have shown th im- . 
. C 





*The aurothioglycolate is imported in U. S. A. by Fougera & Co, 
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portance of the resorein-flocculation test and of the sedimentation rate. When 
the figures of these reactions decrease progressively it means that the treatment 
is effective, and it is unnecessary either to change the dosage or the particular 
gold compound in use. If, after two or three months’ treatment the blood tests 
do not show any improvement in the biologie conditions, the physician will have 
either to increase the dosage for the next series of injections or even use another 
type of gold salt. 

We have seen eases which did not respond to small doses greatly improved 
by injections of larger doses. We have seen a few eases where one type of gold 
salt was inactive and another successful. No very strict rules can be given on 
the particular point. It is a matter of elinieal and laboratory experience which 
ean only be determined for the individual by the physician. This is the part of 
gold treatment which really belongs to the art of medicine. 

In conelusion, the dosage which we advoeate is far smaller than that given 
to tuberculous patients by the majority of the profession. 

In faet, arthritic patients are much more sensitive to injections of gold 
salts than tuberculous patients; perhaps this is because their allergie state is 
more marked. On the other hand, they respond most favorably to relatively 
small doses of gold salts. Whenever these doses are greatly increased, a high 


proportion of untoward incidents appear. 


REACTIONS 


The reactions to injections of gold salts may be local, focal or general. 
Local reactions are very rarely experienced, as injections of gold salts do not 
cause any irritation, when the preparation is properly dissolved in water or when 
suspended in oil. A short massage of the injected area is reeommended after 
the injection to avoid nodules. 

Focal reactions, revealed by pains in the joints and sometimes a temporary 
increase of the swelling, appear in about one-third of the cases, when small doses 
are used. They are generally more marked at the beginning of the series, and 
they tend to diminish and to disappear after 4 to 10 injections. They may be 
relieved by aspirin. 


(reneral reactions appear still more rarely when our method of small doses 


is accurately observed. They consist in most cases of a slight rise of tempera- 


ture which does not exceed 1° F., they are rarely more marked. Such general 
reactions are desired by physicians using large doses of gold salts (K. Secher), 
but prefer the small dosage method. Pruritus and urticaria are rather fre- 
que) met with, but provided they do not increase with each injection, they do 
not indicate the necessity for any change in the treatment. As with focal re- 
act 


When they are severe, a reduction in the dosage of the following injection is 
indic d. 


they tend to beeome less marked during the progress of the series. 


other group of incidents which may be eaused by gold salts are those 


which ave been deseribed by Milian under the neologism ‘‘Biotropisme.’’? They 


fonsist of the appearance of the symptoms of some disease which was not previ- 
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ously suspected. Those most frequently met with are the symptoms described 































as *‘gold bronchitis’’ or *‘gold flu.’” Sometimes, they are more severe and may 


result in foci of congestion in the lung. Other forms of such aecidents are repre 


sented by the appearance of boils. In four eases, we have observed herpes 
zoster. 
They 


do not eontraindieate the continuation of the treatment and generally disappear 


All these aecidents seem to be due to reactivation of a latent disease. 


toward the end of the series. 
Bronchial reactions are more frequently encountered with solganol B than 


with any other gold salt. 
UNTOWARD SYMPTOMS 


As is the case with the salts of all heavy metals gold salts may cause unto 
ward symptoms which may affect three groups of organs: 


1. Skin and mucous membranes 
2. Liver and kidneys 


3. Blood corpuscles 


I. Reactions arising in connection with the skin are the most frequent, and 
may be large or small papules, surrounded by areas of erythema (with solganol 
B); erythema more or less generalized (with all other gold salts); in severe 
eases, which are very rare, dermatitis exfoliativa. Their intensity is generally 
in proportion to the doses injected. They may appear with the first or the last 
injections of a series. When they appear early and are only localized, they do 


not contraindiecate continuation of the treatment, but in severe forms, injections 


must be at least temporarily stopped. 

Reactions connected with the mucous membranes appear generally in thi 
mouth, giving rise to small erosions, soreness and dysphagia; conjunctivitis, 
keratitis has been observed. They also necessitate 


sometimes associated with 


interruption of treatment. They are not commonly associated with skin troubles. 
In a few cases we have observed diarrhea which may be due to the effect on th 
mucous membrane of the bowels. 

Sinee we have discarded large doses of gold in the treatment of arthritic 
patients, such skin and mucous membrane accidents have never been severe and 
the percentage has greatly diminished. 

II. Albuminuria and tendeney to renal insufficiency appear only in predis- 
posed patients. As long as the functional value of the kidneys is good, and as 


ler- 


no easts are detected in the urine treatment may be continued, even with m: 
ate degree of albuminuria. With our small therapeutic doses, repeated series 
of injections have never pronounced any signs of nephritis in our patien's. 


) 


Ill. We have observed in a very limited number of eases (4 out of ov 


reactions of agranuloeytosis (2 


hemorr}iagi¢ 


Agranulocytosis has appeared in patients quite suddenly 


500) eases) and purpura with 


tendency (2 cases). 
after several series of injections; this happened when we did not contro. th 
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use of amidopyrine in our patients. In our two cases, it was cured promptly 
by discontinuing the treatment and giving injections of sodium nucleinate. 

Of the two cases of purpura, one was a mild one, because the treatment was 
immediately stopped, the other was very severe and was followed by fatality, 
owing to insufficient supervision of the treatment, gold salts and thorium X in- 
jections being given simultaneously by mistake. 

Considering these accidents as a whole, they must not be taken too seriously, 
and it would be a great mistake to deprive arthritic patients of the benefit of 
gold salts, for fear of accidents which appear to be somewhat rare and in most 
cases are not serious. 

It is most desirable that these accidents should be absolutely avoided, but 
such a desideratum has not yet become a reality. Sezary and Maurie have pro- 
posed to test the sensitization of the patients by skin tests made with various 
gold compounds. 

To prevent skin reactions of severe intensity, German authors have sug- 
vested giving glucose, 40 to 80 em. a day by mouth, during the whole of the 
series. In France, we use extensively total hepatic extract by mouth—10 grains, 
twice a day or better by intramuscular injections given with the gold salts. 
When such reactions have appeared, hepatie extract given by injection simul- 
taneously with gold salts has enabled the treatment to be continued. We have 
used also with some success thiosulphate of sodium by intravenous injection 
and thiosulphate of magnesium by mouth or by intramuscular injection. 

All the accidents described are considered generally rather due to intol- 
erance, and sensitization appearing in some subject, than to real toxicity of the 
injected product. 


CLINICAL RESULTS 


All authors who have made use of injections of gold salts agree that in 
favorable cases the action of the treatment is most remarkable, on every kind 
of symptom. With our method of small doses, we must admit that the results 
obtained are rather slow and generally do not begin to appear before two or 
even three months, after the beginning of the injections. But, once they have 
appeared, they are progressive and continue to increase even after discontinuing 
temporarily the injections. 

The first symptom to be definitely relieved is pain. If there was pain at rest, 
it disappears rapidly. If it existed only on motion, the movements become less 
and less painful and the patient is able to effeet movements which had been im- 
possih'« for months or years. We often judge of the amount of improvement ex- 
perienced by the great diminution in the amount of aspirin or similar ecom- 
pounds neeessary to enable the patient to lead a social life. 

When patients are treated during the proliferative period, the second sign 
of improvement is the softening of the swelling, and later on its gradual disap- 
pearat 

Tho aetion of gold salts on the general condition of the patient is equally 
remarkable. While a certain number of cases of rheumatoid arthritis still con- 
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tinue to.enjoy a satisfactory measure of health, many of them, especially during 
the period of evolution become pale and sallow, feel extremely depressed, and 


continually run a slight temperature, After two or three months of gold salt 






injections, the general strength is inereased, appetite becomes better and thy 






color improves greatly. In some cases an important gain of weight is obtained, 






but this rule is not without exception, as the restitution of the functions affords 





more exercise, some patients gain in flesh, and lose in fat. At the same time, 






the temperature curve, which is generally slightly above normal, tends ver) 






slowly but regularly to come back to normal and if the ease be observed for 
The run 






several months, the action of the gold salt injections is quite obvious. 






ning of a normal temperature is one of the essential features which prove that 






the disease is arrested. The extent of the improvement observed depends largel) 





upon the condition of the patient at the start of injections. 






I. In relatively early cases, when the soft parts of the joints only are in- 





volved, which may last from one to three years in rheumatoid arthritis, the re- 






sults of the gold salt injections can restore the functions almost to restitutio ad 






Here and there, may remain some partial stiffness and muscular 





integrum., 
wasting, but in most cases, patients in that stage of the disease may return to 





a normal life again, with a small amount of reeducation, massage, mechanotherapy, 






and sometimes spa treatment. 






II. In eases of longer standing, when the eartilages have begun to be 






eroded, when muscular atrophy has become very severe and when chronic in- 





the periarticular tissues has brought about fibrosis and retractions, 
They stop the inflammation, 





flammation of 





the results of gold salts cannot be so satisfactory. 
reduce the swelling and suppress the pain, but they are not able to rebuild the 


Nevertheless, the action of gold salts 






partially destroyed anatomical elements. 
in such eases is most remarkable, and it is surprising to observe how rapidly 







deformed joints and wasted muscles aequire a considerable amount of funetional 






restoration provided the chronie inflammation which is characteristic of th 







disease has been checked. 


after 


Of course, in combination with injections of gold salts, and especially 





they have begun to act, physiotherapy will play a great réle in completing the 







restoration of the functions. 
III. At the terminal stage of rheumatoid arthritis, at the period of dis- 


tortions, bone destruction and permanent malposition of the limbs, one would 








think that chemotherapeutic mjections would be of no help. Such was our 
belief at the start of our experience, but when we were begged by some miserable 
patients who had been in this condition for many years to give them a cliance 
with the injections, we were greatly surprised to see that even in such desperate 






cases some partial but noticeable improvement could be obtained. 










A young lady of thirty-five years, living in the south of France, who had been 


by polyarticular rheumatoid arthritis for thirteen years had developed fibrous ank) 






both knees, one hip, both wrists, and one ankle. She was unable to walk more th: 






steps even with crutches, and every attempt to correct her deformity was extrem | 


ful. 






She was given two series of 1.50 gm. of allochrysine, and ten months later sli 
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much benefited that she could walk with one stick and has been able to resume work, For 
the past three years, this improvement has been maintained by regular series of gold salt in 
jections at rather wide intervals. 


LABORATORY RESULTS 


We do not believe that the conduct of gold salt treatment without any lab- 
oratory test is satisfactory. If clinical observation affords in some cases the 
possibility of judging the effectiveness of the treatment, in many cases it proves 
fallacious. Clinical observation alone is unable to decide whether chronic 
moderate swelling is due to an inflammatory process or to pure fibrous tissue, 
the equivalent of a sear. Conversely, we have observed a good many cases where 
no clinical symptoms of evolution were noticed but which showed a high sedi- 
mentation rate. When these patients are not treated, they regularly experience 
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Pig. 2.—Diagram using Jansen’s ciphers demonstrating joint changes before and after 
treatment. Case of polyarthritis of five years’ duration in a man fifty-seven years of age. 
Note active swelling of numerous joints before treatment; and almost normal joints nine months 
later [wo series of 1.50 gm. of gold salts were given, with an interval of six weeks. 


severe relapses within a short time, and it is to be pointed out that the aetion of 
gold salt injections after relapses is not so satisfactory as that originally ob- 
tained 


Last but not least is the question when the gold salt treatment has to be 
discontinued, None of our cases of polyarticular rheumatoid arthritis has ever 


been cured by a single series of injections; we never prescribe less than two 


series \ hen we see a patient for the first time. As long as clinical symptoms of 


activity of the disease are observed, the duty of the physician is plain. He has 


to tre; 


the patients by regular series at regular intervals. But when the pa- 
Hent shows no symptoms of activity of the disease, neither pain, swelling nor 
temper: iure, this is when the laboratory tests are of great importance. As long 
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as the patient shows an accelerated sedimentation rate above 10 or 15 mm 
and an increase of the resorein flocculation, above 30 or 40, we cannot conside: 
the case as arrested, even if the patient is free from symptoms. He has to bi 
treated, perhaps with smaller doses and at longer intervals, until these reactions 
become normal again. If a different attitude is adopted, sooner or later a 1 
lapse will appear, and as we have said relapses are more difficult to cheek. 
Onee the laboratory tests have returned to normal figures, is the treatment 
We do not think so; we give a last additional! 


to be discontinued at once? 


series of gold salts which we call a ‘‘consolidation’” series. 

If both clinieal and laboratory data are normal after this series, the patient 
is asked to come back regularly at three-month intervals during the next 
two years for a sedimentation rate test and resorein-floceulation test. As long 
as the patient remains free from symptoms and these tests remain normal, no 
further injections are necessary. But if any of these tests show the slightest 
tendency to relapse, gold salt injections are resumed at once. 

In order to have a basis of comparison for the joint changes of our patients 
during the course of the treatment, we have used for the past three vears 
sketches designed by Hans Jansen of Copenhagen (Fig. 2). By means of a 
few very simple signs it is easy to deseribe accurately and quickly the changes 
in the joints for comparative studies, and once a sketch is completed, the phy 


sician understands at first glance the actual condition of the patient. 










TOTAL RESULTS 





OF 





SUMMARY 


Our experience in gold salt treatment is of six years’ duration and deals 
with over 550 eases observed, about 400 at Aix-les-Bains and the remainder at 
Paris in the Cochin Hospital. We shall not give here any statistics as such 
statistics are ordinarily a matter of interpretation and may lead to mistakes, 
but we can state that between 70 and 80 per cent of our patients have responded 
favorably to the treatment. Among these, 50 per cent in recent cases and 20 per 
cent to 30 per cent in older cases of above two years’ duration, have been ap- 
parently eured by 2 to 5 series of injections, and remained so in spite of discon- 
tinuation of any treatment, during the past two or three years. Such figures 
show the importance of early treatment. 

In a general meeting of the ‘‘Ligue Francaise contre le Rhumatisme”’ in 
March, 1933, a discussion was opened on the method, and it was stated by al! the 
physicians who have had the most experience in its use (Prof. Rathery, MM. 
Hagueneau, Coste, Lacapére, Perles) that the results obtained were far better 
than with any medical method which they had used.2?. Dr. H. Forestier, m) 
father, stated that in an experience of forty-three years’ practice, he hac not 






seen a single case of rheumatoid arthritis apparently eured during a period of 





several years. But since he had used gold salts, such cases were by no meals 





uncommon.'* 





GOLD SALTS AND OTHER METHODS OF TREATMENT 


Simultaneous use of gold salts and vaccine does not appear to be 
mended, but alternate series may be of help in difficult cases. The ‘se o 
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endocrine treatment as a complement, especially in middle-aged women, when 
thyroid and follicular extract may help the action of gold salts. The benefits 
of the different forms of physical treatment, which, in many countries, has been 
the only method applied to arthritic patients, are greatly improved by its com- 
bination with gold salt injections. All physicians of experience know that 
some forms of physiotherapy are deleterious to patients when applied at the 
acute stages of the disease. Once gold salts have checked such inflammatory 
evolution, these methods of treatment become possible and yield considerable 
benefit. Even orthopedic measures may be rendered possible by means of gold 
salt injections. 

In fifteen very chronie cases of rheumatoid arthritis which had come to the 
stage of irreductible fibrous ankylosis of one or several joints: knees, hips, 
elbows; we have been able to reduce such bad positions by stretching the limbs 
under general anesthesia. Thanks to the preparatory treatment of gold in- 
jections, no inflammatory reactions have appeared as a result of this rather 
drastic proceedure. Passive and active mobilization could be applied at onee, 
reeducation in the thermal swimming pool at Aix-les-Bains, followed immedi- 
ately; and we were glad enough to put on their feet after three, five, or even 


seven years, patients who would have remained bedridden for life." 
INTERPRETATION OF RESULTS 


At the beginning of this artiele, we have stated that the use of gold salts 
in arthritis was the result of a coneeption of the latter disease being for the 
greatest part under the action of an infectious factor. We did not start our 
experience with the view that tuberculosis was a prominent factor in the 
etiology of rheumatoid arthritis; but in the past five years our belief has grown 
that such a factor has to be seriously considered in a certain proportion of eases. 
In addition to the ¢linical arguments presented thirty years ago by Poneet and 
Leriche, in their deseription of the *‘Rhumatisme Tuberculeaux,’’ some bae- 
teriologie data have been collected in France in the past decade. With our co- 
workers’ we have found two positive inoculations, and four dubious, with either 
blood, synovial fluid, or biopsy material collected from 21 patients showing the 
picture of general atrophic arthritis. These results point out the necessity of 
further research in this line. But even if the proof of the metastasis of Koch 
bacillus in joints is not given in atrophie arthritis, tuberculosis may act by 
bringing about joint allergy; and the combined influence of tuberculous allergy 
in the joints, could be the predisposing factor which initiates other infective 
germs (streptococcus) to fix themselves in the joints. 

But gold salts have, in fact, no specifie value against tuberculosis, they 
have been used with more or less success in various chronic infectious diseases. 


They seem specifie of a certain type of tissue change which is called exudate in 


the lung, and proliferation in arthritis. Feldt has expressed the view that the 


action of gold salts could be aseribed to stimulation of the retieuloendothelial 
system. 
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CONCLUSION 





Six years’ experience has demonstrated the action of gold salts on thi 
evolution of chronie atrophic (rheumatoid) arthritis. Such treatment should 
be earried in selected cases over a long period by repeated series of injections, 







under strict medical supervision, with frequent blood controls, and in conjunction 






with an intelligent management of the general condition of the patients. 
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TRANSDUODENAL TREATMENT OF TAENIA SAGINATA 
INFESTATION* 


Mryer Goios, M.D., New York, N. Y. 


| REPORT this case of taenia infestation not because of its interest per se, 


but for the importance it assumes in illustrating the new mode of therapy 
available to the general practitioner in such cases. One is naturally loath to 
publish conclusions drawn from a single ease. But as I reeall the spectacular re- 
covery of the endoparasite, absolutely intact, during a single treatment, the 
delight of the patient in her quick relief—a vivid picture of becoming satisfaction 
as she views with amazement the erstwhile tenant to whom she played unwilling 
host; and as I contrast this with the unhappy history of our experience with 
conservative textbook methods—the repeated failures, prolonged infestations, 
marked anemias, and intensified general debility of the patient, then I am im- 
pelled to thrust aside such hesitancy. There is no room in my mind for the 
slightest doubt that here the old—the oral method—must give way to the new 
transduodenal treatment. 

To Gunn! the treatment of saginata by the oral method has proved anything 
but satisfactory. Judging from the prolonged duration of the infestation in a 
number of his eases, one ea. hardly conelude otherwise. He remarks, rather 
quaintly, that on several occasions the medication produced such illness as to 
lead the patient to inquire if it would not be advisable to make a will! But of 
the tube treatment this author states ‘‘the results of this treatment are most 
gratifying to the patient as well as the physician.’’ 

Schneider? reports a series of 87 eases of tape infestation treated via the 
duodenal tube, with 62 eures. Gunn reports 12 cases with the tube method, all 
successful, but aseribes the failure to recover the head of parasite in two of his 
eases to nonobservanee of detail. It is quite true that the preparatory approach 


is of paramount importance in obtaining the best results. 


CASE REPORT 


‘emale, aged twenty-eight, single. The symptomatology was of two years’ duration, 
and s marked chiefly by a pronounced fatigue, ‘‘a very good appetite,’’ and loss of 
Weight with obvious stigmas of asthenia. Altogether she presented a picture of a sickly 
human being ‘‘disgusted with doctors.’’ On each of several occasions when she received a 
vermifuge, there followed a passage of segments, the symptomatology persisting. The 
physical findings were negative, except for marked rings around the eyes and a facial pallor. 

boratory Data: Blood cytology; hemoglobin 76 per cent (Sahli); erythrocytes 


4,640,000; and leucocytes 15,000. Differential Count: Polynuclears 48 per cent, lymphocytes 
42 pe r 


ent, monocytes 3 per cent, eosinophiles 6 per cent, and basophiles 1 per cent. Smear 
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Study: Few pale red cells, few poikilocytes, oceasional polychromatie erythrocytes. Eight 


days following treatment blood cytology revealed a normal white count (8,700) and no 
eosinophiles. 

Feces: A few segments and very many ova of Taenia saginata, 

Directions to the Patient Preparatory to Treatment. 

1. For two days take soft food and the third day, liquid only. 

2. The bowels should be well moved by a laxative each evening. 

3. Unless the bowels have moved freely take an enema. 

+. Come to the office without breakfast. You may have a cup of black coffee on thi 
morning of treatment, 

The emulsion consists of the following ingredients: 

Olei Aspidii 8 gm. 
Mueilage Acacia 30 @.e. 
Aqua 30 ee, 
MgSO, Sat. Sol. 30 e.e. 

The mixture should be kept at body temperature. The added MgSO, to the solution is 
important to assure early catharsis, which in turn means less chance for absorption of the 
vermifuge. 

Record of the Procedure and Remarks 
9:00 A.M. Levin tube swallowed. 

9:55 Bile recovered, reaction alkaline. 
Patient fluoroseoped, Although the bile was alkaline in reaction and the conventional 
tests showed a successful egress of the tube from the stomach into the duodenum, 
under fluoroscopic screen the distal portion of the tube was curved on itself, with its 
tip near the pylorus. With gentle pulling on the proximal part of tube, the other 
end straightened. Injection of the taenifuge at this time might have proved grossly 
disadvantageous, for the instilled emulsion of aspidum would have immediately re 
gurgitated into the stomach. 
Bile recovered was alkaline in reaction. Fluoroscopy disclosed the tip of the tube in the 
second portion of the duodenum, whereupon half the amount of the emulsion was slowly 
injected. The patient was perfectly calm and slept lightly. A syringeful of hot water 
was injected to increase the probability that the parasite would be swept out, intact 
The remainder of the emulsion was injected. Ten minutes later the amount instilled 

was vomited. Vomitus saved. The duodenal tube was practically expelled and re 

intubated. The stomach was washed out until the returned washings were clear and 
free from traces of the green emulsion. The tube was then fed to the patient until 
all tests verified the tube to be in the right position—in the second portion of the 
duodenum and to the right of the spinal column. Vomitus was kept warm and re 
injected followed by 30 ¢.c. of a 33 per cent solution of magnesium sulphate. 

11:10 Purgation began. Tube left in situ. The parasite intact, with head no large: 

the head of a pin, was expelled. Tube removed. 

11:30 Another bowel evacuation consisted of a brownish colored fluid. Patient felt 
fortable and much relieved from the nausea that followed the vomiting. She 

free from any of the toxic effects of drug absorption and displayed a marked 


reaction, taking great interest in the examination of her endoparasite. 


Note: To prevent gagging before injection of the taenifuge and immediately 
after, it is important to clear the stomach of its mucus. This is especially desirable 
individual who salivates excessively. If purgation is delayed, it is important to leave t! 
in position to permit the instillation of considerable quantities of hot water to hast 


purgative action and increase the likelihood of sweeping the parasite out in its entiret 
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cept 
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Notwithstanding all the precautions taken in this ease, gagging and vomiting 
occurred. It therefore appears advisable to have extra medication should such 
accidents occur. Evidence of adequate preparation, as well as of cooperation on 
the part of the patient, is adduced from the fact that the discharge from the 
bowel consisted of only brownish colored water and the tape in its entirety. 

The transduodenal expulsion of a parasite requires a smaller dose of a toxic 
drug, as the action on the parasite is direct. There is less chance for toxie ab- 
sorption and the tape is usually expelled intact. Hospitalization is preferable 
but not necessary. With good eare, the treatment may be given at an office 
equipped with a fluoroscope. The immediate proof of effective therapy is the 


exhibition of the head of the endo parasite in the expelled material. 
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WEIGHT REDUCTION WITH HIGH PROTEIN DIETS* 
Leo K. CampBeLL, M.D., Cuicaco, IL. 


URING these days of fads in reducing diets, many of which contain insut- 

ficient protein to maintain nitrogen equilibrium, physiologic accidents are 
not uncommon. A diet containing lower quantities of protein than that required 
to replace protein catabolism tends toward a lowered resistance, infections, de- 
generative lesions in vital tissues, and a fall in blood pressure. The study out- 
lined in this paper makes use of diets which afford much more protein than is re- 
quired for maintenance. 

Procedure: The patients used in this study were from fourteen to sixty- 
seven years of age, and weighed from 133 pounds (60.0 kg.) to 317 pounds (143 
kg.). The most obese patient was 185 pounds overweight and the nearest normal 
was 9 pounds overweight. All had normal basal metabolic rates with four ex- 
ceptions, those being +13 per cent, —13 per cent, -17 per cent, and +20 per cent. 


TABLE I 


CABBO- 
NOON PROTEIN 


TOTAL FOR 
FOOD DAY A.M 
GRAMS | HYDRATE 


5 per cent vegetables 600 300 : 18 
10 per cent fruits 100 10 
Lean meat 400 150 
Butter 15 : 5 
Bread 60 20 32 
Total fuel values 7 60 | 


™mr——__ 


*From the Department of Medicine of Rush Medical College of the University of Chicago 
and Presbyterian Hospital. 
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TABLE III 


DURATION BASAI AVERAGE 
JUR: } ASAL 
INITIAL \F PERIOI MET WEEKLY 
OF PERIOD MET- 
PATIENT SEX WEIGHT WEIGHT 
we OF ABOLIK ios 
POUNDS ouatemanenn maps LOSS 
s J } ATE 
(POUNDS 
197 CHO 14 weeks - 10% 
88.6 ky.) P 
P 
Cal 
191 CHO weeks 
85.9 kg.) P 
KF 
Cal 
185 CHO 5 weeks 
83.2 kg.) P 


249 ‘ 3 weeks 
(112.0 kg. 


weeks 


200 } weeks 
90.0 kg. 


173 } weeks 
77.8 kg. 

97 
1605 

193 CHO 64 weeks 
86.8 kg.) P 106 
KF 75 
Cal 1355 

L85 CHO 60 2 weeks 
83.2 kg.) P 124 
KF 86 
Cal 1510 


None of these patients had demonstrable clinical evidence of pituitary or ovarian 
disease, and other than the four above mentioned exceptions there was no eVi- 
dence of thyroid disease. All were of the common type of obesity; viz. that due 
to eating diets containing more ealories than the daily calorie expenditure. 
There were twenty-seven patients in the group, twenty-one women and six men; 
one school-teacher, ten housewives, one nurse, two schoolgirls, two executives 


of manufacturing companies, two maids, one cashier, one clerk, two social work- 


ers, one traveling salesman, one librarian, one retired professor, one tailor, and 


one was unemployed. Each patient was either hospitalized or studied in the 
out-patient department for a period of ten days during each month, and during 
the initial study given a thorough training in quantitative dieteties. The diets 
provided 2 gm. of protein per kilogram normal body weight, a calorie value of 
from 20 per cent above to 39 per cent below basal maintenance, and fulfilled all 
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TABLE IV 
INITIAL ™ "DURATION | AVERAGE WEEKLY 
WEIGHT OF PERIOD OF WEIGHT LOSS 
POUNDS OBSERVATION (POUNDS ) 


313 59 6 weeks 6.0 
(142.6 kg. 125 

y 86 

1510 
60 weeks 

124 

86 

1510 
217 60 4 weeks 
97.6 kg. 124 
, 86 

1510 
167 60 > weeks 
75.1 kg. 100 


oo 
im 


1288 


269 43 weeks 
(121.0 kg. 100 
78 
1274 

195 60 > weeks 
( 87.7 kg. P 124 
F 86 
Cal 1510 

250 CHO 60 weeks 
(113.8 kg.) P 132 
F 96 
Cal 1596 


CHO 62 > weeks 
P 106 
F 76 
Cal 1356 


requirements for normal metabolism in amino acids, salts, and vitamins. Four 
hundred grams of skimmed milk were incorporated in the diets of growing chil- 
dren. A sample diet containing 1,510 calories is shown in Table I. 

During the period of hospitalization or study in the out-patient department 
the kidney function was observed by quantitative urinalysis, total nitrogen de- 
terminations on the urine by the Kjeldahl method, the phenolsulphonephthalem 
test, and the nonprotein nitrogen content of the blood. The blood pressure was 
recorded daily and the urine volume checked by total creatinine determinations, 
using the picramic acid method. Respiratory data were collected on patient L. H. 
Upon discharge after the period of study, each patient was instructed to return 
to his normal activities. Some, of course, took more exercise than others, but 
that was left entirely to the patient. 

Calorimetry: The calorie expenditure measured by indirect calorimetry 
was determined on patient L. H. while on the high protein diet used for the 


Weight reduction and also on an isocalorie diet, of minimum protein requirements 
but high in carbohydrate. 
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TABLE V A 


CALORIMETRY ON HIGH PROTEIN DIET 


HOUR CALs . URINARY URINARY 
PER HOUR NITROGEN CREATININE 
P.M. 
30 CHO 20 
P 70 
F - 42 
Cal 738 
6:00 
7:00 
8-00 
9:00 
10:00 
11:00 
12:00 
A.M. 
1:00 
2:00 
3:00 
$-uo0 
5:00 
6:00 
7:00 
7:30 


8:00 
9-00 
10:00 
11:00 
11:30 


NOON 
12:00 
1:00 
2-00 
3:00 
4:00 
5:00 
6:00 
Totals: 


au yas 
© @ si 


The calorie expenditure was 96 calories or 7 per cent more on the 
protein diet than it was on the high carbohydrate diet. This increase in meta 


olism was probably due to the specifie dynamic action of the protein. 
SUMMARY 


The weight of twenty-seven individuals having nonpathologic obesity was 
reduced during a period of from four to fifty weeks at an average rate of 1.2 to 
6 pounds per week. The diets were of the high protein type containing approx! 


mately 2 grams of protein per kilogram ideal body weight. The calorie value o 


the diets was from 20 per cent above to 39 per cent below basal maintenance. 
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However most of the diets afforded a caloric value of about 20 per cent below 
basal requirements. 

The patients maintained excellent health, continued all of their normal 
activities, and, of course, had increased energy as the weight loss progressed. 


The large amount of lean meat and vegetables prevented the hunger of which 


TABLE V B 
CALORIMETRY ON High CarsBonyprate Dirr 


CALORIES \ URINARY URINARY 
HOUR PER HOUR adit NITROGEN — CREATININE 
>M. 
CHO S] 
P 24 
FE 21 
Cal 609 
O.S7 
0.90 
S89 
84 
.S4 
.76 


80 


54 
S4 


381 
79 
0.06 


Oo 


0.29 


CHO 194 1455.6 
P 38 
FE 45 
Cs — 1333 


most individuals complain during weight reduction on low protein diets. There 


were no changes in the kidney function or blood pressure during any period of 
the observation. Nitrogen balance was maintained at all times. The ealoric 
expenditure afforded by the high protein diet in the ease of L. H. was 7 per cent 
above that of an isocalorie high carbohydrate diet. 
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THE CONCENTRATION OF INDOXYL COMPOUNDS (INDICAN) 
IN BLOOD* 


HleRMAN SHARLIT, M.D., New York. N. Y. 


HE recent presentation by me’ of a method for the quantitative estima- 

tion of indoxyl compounds (indican) in normal blood, on the use of rea- 
sonably small quantities thereof (2 ¢.c. plasma), opens anew the opportunity 
to study the clinical significance of varying concentrations of this heterocyclic 
nitrogen compound in human blood. Heretofore two technical difficulties 
prevented proper clinical studies of indican in blood; (1) the inability to 
measure the substance in small quantities of apparently normal blood and (2) 
the difficulty of securing pure indican for use as a standard for a satisfactory 
quantitative determination of indoxyl compounds. A more sensitive chromo- 
genie reaction for indoxyl overcame the former; and the introduction of color 
filter colorimetry made cobalt sulphate solution a satisfactory color standard 
and so circumvented the latter difficulty. 

A similar technic of mine*® for the estimation of indican in urine, has dis- 


closed daily excretions well in excess of what has been revealed by earlier 


methods; based on the Obermeier reaction, 11 mg. per day; on the use of 
Jolles’ reaction, a maximum of 40 mg. and with this latter figure as a mini- 
mum, to even 300 mg. a day, as revealed by this newer method. 


METHOD FOR THE DETERMINATION OF INDOXYL COMPOUNDS IN BLOOD 


The estimations are made on blood plasma, potassium oxalate or sodium citrate being 
used as an anticoagulant in the collection of the blood. 

Reagent A: Protein coagulant, made by adding to each 25 gm. of trichloroacetic acid 
100 e.c. of distilled water. 

Reagent B: One per cent potassium persulphate in distilled water. 

Reagent C: One per cent thymol in 95 per cent ethyl alcohol. 


Reagent D: Acid reagent, made by adding to each 12.5 gm. of trichloroacetic acid 
100 e.c. of concentrated hydrochloric acid (C.P.). 

Reagent E: Glacial acetic acid. 

Procedure: Place 2 ¢.c. of blood plasma in a test tube and dilute to 3 ¢.c. with distilled 
water. Add from a buret 5 c.c. of Reagent A after the following manner: three successive 
additions of 5 drops, each addition followed by vigorous stirring with a glass rod for fifteen 
seconds. This detail is most essential. It effects a fine and quite complete protein precipita- 
tion, resulting in a satisfactorily clear filtrate and maximum adsorption of the acid by the 
protein particles. The balance of Reagent A is added in two approximately equal portions with 
stirring after each. The tube is then centrifuged at moderately high speed for ten minutes. 
The filtrate is then delivered, through a 5.5 em. quantitative filter paper, into a 15 e.e. centri- 
fuge test tube graduated in 0.1 c¢.c. 


*From the Chemical Laboratory of Beth Israel Hospital. 
Received for publication, September 29, 1934. 
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To 6 cc. of the filtrate are added successively 5 drops of Reagent B, 0.5 ¢.c. of Reagent 
C, and 5 ¢.c. of Reagent D. The tube is then momentarily corked and inverted and then allowed 
to stand at room temperature for a minimum of fifty minutes. Within five minutes after 
the last reagent is added, a dense white cloud forms in the mixture (ethyl trichloroacetate). 
In about fifteen minutes or sooner, if approximately 0.015 mg. of indican is present in the 
mixture, this cloud takes on an unmistakable purple tinge. When this occurs, it is necessary 
to resort to the use of the boiling water-bath completely to release all the indoxyl for a 
quantitative production of the pigment condensate (indoxyl-thymol compound). In this 
event, the tube is at any convement time placed in a boiling water-bath and kept there for 
twelve minutes. If no distinct purple color develops within fifteen minutes, heating is un 
necessary. 

At the end of the fifty minutes at rocm temperature, or after the use of the water-bath, 
when needed, the tube is centrifuged at high speed for ten minutes, completely to throw 
down the ethyl trichloroacetate and the indoxyl-thymol compound contained therein, The 
volume of the ester formed is approximately 0.25 ¢.c. with the determination carried out at 
room temperature and about 0.6 ¢.c. when the water-bath is used. The supernatant fluid 
is then pipetted off, leaving a maximum of 0.3 ¢.c. of overlying watery acid mixture. This 
mixture of acetate and acid water is diluted to exactly 2 ¢.c. with Reagent E delivered from 4 
buret. On stirring, a perfectly transparent colored solution results. Occasionally a fine 
white film is noted on the surface of the acetate but this too dissolves in Reagent E. The 
solution is now ready for reading in a microcolorimeter, through a green filter (Wrattan No. 
74) inserted in the eyepiece, as described for the urine method. For a standard a 0.75 per 
cent solution of CoSO,.7H,O (Merck, C.P.) is used. 


The method of caleulation for blood indican is: 


0.123 


0.0043 x reading of standard (mm.) _ 100 


Mg. indican per 100 ¢.c. blood plasma — ; , 
Ig. indican per 100 ¢.e. blood plasma = reading of unknown (mm.) Ls 


METHOD FOR THE DETERMINATION OF INDOXYL COMPOUNDS IN URINE 


Reagent A: One per cent potassium persulphate in distilled water. 

Reagent B: One per cent thymol in 95 per cent ethyl alcohol. 

Reagent C: Acid reagent, made by adding to each 100 gm. of trichloroacetic acid 

¢. of water and 200 ¢.c. of concentrated hydrochloric acid. 

Reagent D: Glacial acetie acid. 

Procedure: Place 5 ¢.c. of urine in a volumetric flask and dilute to 100 e¢.e. with dis- 
tilled water. To 2 ¢.c. of this dilution in a 15 ¢.c. centrifuge tube (graduated in 0.1 €¢.c.) 
ure added 5 drops of Reagent A, 0.5 ¢.c. of Reagent B, and 5 e.c. of Reagent C. Before the 
addition of the acid reagent, the mixture is shaken for a second or two. The tube is im- 
mediately placed in a boiling water-bath and kept at that temperature for approximately five 
minutes. Before placing the tube in the water-bath, the mixture is slightly cloudy; it quickly 
clears at the temperature of the water-bath, soon followed by the formation of a second 
and more intense cloud. This is due to the formation of ethyl trichloroacetate which soon 
begins to settle to the bottom of the tube, carrying down with it a purple pigment (the 
indoxyl-thymol compound). The tube after removal from the water-bath is allowed to stand 
until it cools (about fifteen minutes), when all of the pigment-laden acetate has settled to the 
bottom of the tube, giving an acetate volume of approximately 0.5 c.c. The supernatant 
watery acid layer is then carefully removed with a pipette, leaving about 0.5 ¢.c. of watery 
layer above the colored acctate. This mixture (approximately 0.8 ¢.c.) of acetate and acid 
water is diluted to exactly 2 ¢.c. with glacial acetic acid, delivered from a buret. The mixture 
is stirred with a glass rod until it clears, giving a perfectly transparent, colored solution. 
This transparency is always achieved if, in pipetting, care is taken never to leave more than 

3 c.c. of watery layer as overlying residue. The colored solution is now ready to be read. 

The reading is done in the ordinary comparison colorimeter, with micro cups and 

appropriate plungers. In the eyepiece of the instrument is placed a green filter (Wrattan, No. 
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TABLE I 


BLOop INDICANS IN NONSELECTED HOSPITALIZED CASES 


MG. % "0. % . 
NON PROTEIN ones DIAGNOSIS 
NITROGEN 
0.008* Cerebellar vascular lesion; neurosis 
0.040 Careinoma of rectum 
0.138 Secondary anemia 
1277 Prostatic hypertrophy (died) 
5.877 Prostatic hypertrophy 
0.163 Renal caleulus 
0.040 Hypertension 
0.087 Pneumonia 
Hemiplegia 
Brain tumor 
0.088 Pneumonia 


Acute cholecystitis 
Psychoneurosis; chronie ethmoiditis 


0.106 Duodenal ulcer 

0.329 Nephritis 

0.068 Duodenal ulcer 

0.073 Diabetes 

0.009 Cardiac disease 

0.044 Bronchopneumonia 

0.057 Glomerular nephritis, with nephrotic 
manifestations 

0.259 Pleurisy 

0.073 Pneumonia 

1.457 Prostatic hypertrophy 

0.354 Hyperthyroidism 

0.003 Graves’ disease 

0.155 Acute rheumatie fever 

0.155 Nephritis and mastoiditis 

0.130 Diabetes 

0.130 Subacute glomerular nephritis 

0.044 Coronary thrombosis 

1.555 Bladder stone 

0.384 Nephritis 

0.270 Prostatie hypertrophy 

0.207 Admitted for iridectomy 

0.172 Auricular fibrillation 

0.303 Cerebral embolism 

0.171 Glaucoma 

0.150 Nephritis 

2.050 Cardiorenal disease 

0.204 Renal ecaleulus 

0.1438 Prostatic hypertrophy 

0.016 Prostatie hypertrophy 

0.163 Nephritis and ectopie pregnancy 

0.450 Bladder stone 

0.171 Umbilical hernia 

0.122 Prostatic hypertrophy 

0.020 Coronary disease 

0.085 Diabetes 

0.043 Inguinal hernia 

0.213 Appendiceal abscess 

0.106 Nephrectomy (calculus) 

0.081 Hypertension, heart disease 

0.524 Prostatic hypertrophy 

0.259 Uremia 

0.024 Psychoneurosis 

0.030 Carcinoma of colon 

0.087 Diabetes 

0.050 Diabetes 

0.293 Prostatic hypertrophy 
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TABLE I.—CONT’pD 


MG. &%& ua. % 
NONPROTEIN Se ee DIAGNOSIS 
INDICAN 
NITROGEN 


46 0.106 Senile cataracts; detachment retina 
50 0.641 Nephritis 
35 0.065 Nephritis 
32 0.130 Carcinoma of bladder 
32 0.059 Prostatic hypertrophy 
29 0.106 Ureteral caleulus 
16 0.163 Diabetes, cirrhosis of liver 
200 2.457 Acute nephritis 
54 0.188 Myoma of uterus 
28 0.204 Pneumonia 
35 ).352 Arthritis 
0.106 Cataract 
— Diabetes 
2.209 Acute nephritis 
—- Diabetes 
0.188 Nephritis 
0.184 Bronchopneumonia 
0.106 Hydronephrosis 
Carcinoma of bladder 


~1-1-~2 ~1-1- 
S ole WI 


0.160 Arteriosclerosis 

0.016 Acute sigmoiditis 
Prostatic hypertrophy 
Nephritis 
Bronchopneumonia 

seni Abseess of foot 

0.147 Diabetes 

0.224 Acute nephritis 

0.032 Diabetes 

ies Psychoneurosis 

0.081 Diabetes 

pr Diabetes 

0.110 Nephritis 

Intraabdominal tumor 


n~1 =! 


0.377 
0.188 Myoma of uterus 
0.204 Pneumonia 
0.057 Prostatic hypertrophy 
37 0.089 Carcinoma of bladder 
19 0.089 Arteriosclerosis 
32 0.002 Neurosis 
28 0.045 Diabetes 
200 2 460 Acute nephritis 


*Normal indican measurements are set in black type. 


For a standard solution we use a 1.5 per cent solution of CoSO,.7H,O (Merck, C.P.). 
The method of caleulation for urine indican is: 


Ds 0.0086 x reading of standard (mm.) , 
Mg. indican per 0.1 ¢.c. urine : - _ 0.0009 
reading of unknown (mm.) 


Blood indican concentrations will require interpretation in the light of 
the following determined features of its exeretion. Pure indican, parenterally 
or orally administered to rats, is rapidly and completely excreted in the 
urine.” Indiean concentrations in the blood of normal persons (blood taken 
in the morning before breakfast) give 0.06 mg. per cent as an apparently 
upper limit, ranging down to immeasurably small concentrations. The latter 
findings are tabulated as ‘‘blank”’ in Table I. 

Based on facts disclosed up to now, indican must be considered as of 
wholly exogenous origin, formed from absorbed indole by way of oxidation to 
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indoxyl and conjugation with a mineral acid, to the potassium salt of indoxyl 
sulphuric acid (indican). While a complete explanation of the synthesis of 
indican, this is but a meager and partial story of the metabolism of indole; 
this latter, however, does not concern us in this presentation. The point is 
that such indican as is formed from available indole is rapidly excreted by 
way of the kidney; and that under the conditions usually applied in taking 
blood samples for clinical studies (fasting stomach; sixteen hours after last 
meal) the indican concentration in normal blood approaches zero as a limit. 
It would thus appear that the interpretation of increased concentrations of 
blood indican would require emphasis on the failure of the kidneys to exerete 
rather than on the probability of excessive indican formation. To what extent 
this point of view is correct or how it must be modified in the light of more 
knowledge, awaits further study. Below are given indican estimations on the 
bloods of one hundred nonselected hospitalized patients, together with simul 
taneous estimations of the total nonprotein nitrogen in the blood of many 
of them. 

There is no need to refer specifically to such publications as have demon 
strated markedly increased concentrations of indican in the bloods of persons 
having nitrogen retention. Such findings were to be expected. What is to be 
stressed is study of the significance of small increments in concentration above 
the normal. And what is particularly to be noted in Table I is the extreme 
degree of retention that may be achieved, over 100 times the normal,* which 


greatly exceeds the range of variation in other known metabolites. Further- 


more, indican appears to be retained very early in hospitalized cases, only 33 
per cent of this series of 100 nonselected cases showing normal figures. These 
facts suggest that further knowledge on the extent and circumstances of in- 
dican retention may provide a valuable diagnostic and therapeutic tool. 
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*In view of such high concentration of indican in uremia, it is possible to mal an 
accurate measurement on a single drop of blood of such persons. And where, for purposes of 
differential diagnosis (coma, for example), a rapid and convenient test procedure is looked for, 
a single drop of blood taken from the finger may in fifteen minutes reveal the indications of 4 
uremic blood picture. 





URINARY SULPHUR IN CHRONIC NONSPECIFIC ARTHRITIS* 
BEN D. SenturtA, M.D., St. Louis, Mo. 


Xx EARLY as 1904, Goldthwait and his collaborators,’ examining the metab- 
olism of patients with chronic nonspecific arthritis, reported a definite loss 
of sulphur in two with atrophie (rheumatoid) arthritis and a pronounced sulphur 
retention in one with hypertrophic arthritis (osteoarthritis). Cawadias*? claims 
‘‘that the most constant metabolic disturbance met with in chronic rheumatics 
is a negative sulphur balance indicating increased sulphur catabolism.’’ 
He bases this conelusion on the finding of an increase in the total sulphur with 
a consequent decrease in the nitrogen-sulphur ratio in the urine of patients 
having either atrophic or hypertrophic arthritis. He also reports an imerease 
in the urinary ethereal sulphates and neutral sulphur in a significant number of 
patients with chronic arthritis. Race,’ on the other hand, denied the existence 
of a negative sulphur balance in these patients, but corroborated the occurrence 
in the urine of an increase in the neutral sulphur fraction of 20 patients in a 
series of 42 with rheumatoid arthritis. In view of recent reports* * © 7 coneern- 
ing the use of colloidal sulphur parenterally administered as an adjunct in the 
treatment of chronic arthritis, and in view of the conflicting results of the fore- 
mentioned investigators and of the paucity of well controlled experimental data, 
we deemed it of sufficient interest to examine in adequately controlled experi- 
ments the alleged difference between healthy individuals and arthritie patients 
in regard to the partition of sulphur and the nitrogen-sulphur ratio in urine. 
Our work comprised the determination of the sulphur content and its parti- 
tion; namely, inorganic sulphates, ethereal, or conjugated sulphates and neutral, 
or unoxidized sulphur, in the twenty-four-hour quantities of urine of 18 patients 
with atrophie arthritis, of 41 with hypertrophic arthritis for comparison with 
the findings in those of 20 healthy individuals who corresponded closely to the 
pathologie cases both as to sex and age. Total urinary nitrogen was also deter- 
mined for the purpose of observing the ratio of total nitrogen to total sulphur. 
All subjects were permitted to follow their customary dietary regime. In addi- 
tion, we also hospitalized three patients with atrophie arthritis and three with 


hypertrophic arthritis and kept them for several days on a diet of known com- 
position (Sherman’s tables were used). It must be stressed that the collection 
of twenty-four-hour urine specimens without loss is a more difficult task than 
many experimenters realize. As a check we found it imperative to determine the 


creatinine on every specimen and to use for our purpose only specimens that 
were full twenty-four-hour collections beyond doubt,*® since the analytical results 


_*From the Laboratory and the Arthritis Division of the Out-Patient Department of the 
Jewish Hospital. 


Received for publication, October 4, 1934. 
Supported in part by a grant from The Doak Company, Cleveland, Ohio. 
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of fractions are worthless. The total nitrogen was determined by the micro- 
Kjeldahl technic; the total sulphur, inorganie sulphates and total sulphates by 


the Fiske benzidine method.® 


Before discussing the results of our experiments, a brief consideration of 


the nature of sulphur metabolism may be in order. The total amount of sulphw 
in the urme depends on the amount and type of protein ingested and catabolized 
According to Kahn and Goodridge’ the sulphur content of proteins which occur 
in food varies between 0.3 and 2.2 per cent, with the consequence that the amount 
of sulphur eliminated in the urine as well as its ratio to the amount of nitrogen 
excreted may show wide variations, even if the amounts of nitrogen ingested and 
eliminated are quite similar. The total sulphur in the urine is distributed among 
three main groups of compounds; namely, inorganie sulphates, ethereal sulphates 
and neutral sulphur. Lewis™ states that ‘‘the inorganie sulphate parallels the 
urea excretion and any factor that influences protein metabolism and elimina- 
tion of urea will affect the excretion of inorganic sulphate.’’ The ethereal 
sulphates are considered’? in the main to be formed by the detoxification (eon- 
jugation with sulphurie acid) of indol and phenol derivatives produced by putre- 
factive bacteria in the intestines, a second part to be of endogenous origin" and 
a third to be derived from certain types of protein consumed.’? The neutral 
sulphur consists of a heterogeneous group of unoxidized compounds considered 
to be mainly of endogenous origin, and, therefore, independent of the total 
amount of sulphur eliminated or of protein eatabolized.’? Folin'* coneluded that 
the distribution of the total sulphur in the urine among its three chief normal con- 
stituents depends on the absolute amount of total’ sulphur present. ‘‘ With the 
reduction of the total nitrogen and total sulphur in the urine, we find a smaller 
percentage represented as inorganie sulphates and urea, and a relative increas 
in the other representatives of these two elements.’’ Conversely, with an in- 


crease of the total sulphur in the urme, we find a greater percentage represented 


as inorganie sulphate, and a relative decrease in the ethereal sulphates and 


neutral sulphur. 


TABLE I 


REPRESENTATIVE EXAMPLES OF THE RESULTS IN THE GROUP OF HEALTHY INDIVIDUALS 


AS 

AS 

AS S 
AS S$ 


TO 


PERCENT 


NITROGEN 


SULPHUR 


NITROGEN 
SULPHUR RATIO 
INORGANIC 

SULPHATES As 
ETILERFaAIlI 
SULPHATES 
NEUTRAL 
SULPHUR 
CREATININE 


TOTAL 


EX 


rOTAI 


tw wm SOIIN GM. 
Ln 


S- 


Ss, 3 S, 


0.408 | 0.062 | 0.059 | 77. P 11.1 
0.530 | 0.037 | 0.123 i. : 17.8 
0.507 | 0.109 | 0.075 3. D. 10.8 
: 0.592 | 0.087 | 0.070 9, : 9.3 845 
34 9.2 788 .7 | 0.640 | 0.071 | 0.078 . 9. 9.9 908 
28 9.9 68: 5 | 0.528 | 0.074 0.081 po ' 11.9 962 
44 10.5 75: 3.$ 0.606 | 0.115 | 0.034 . 5.8 $.5 043 
51 11.4 Be , 0.707 | 0.014 | 0.051 | 90.5 3. 6.6 1.992 
35 11.8 88: 3.8 | 0.653 | 0.058 | 0.144 | 76. . 16.9 Li 


1 te 


~ 
a 


ert et Bt Bt | 
heen at he be 
x 


= 


*The cases are listed on the basis of increasing levels of nitrogen excretion. 
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Our experimental results, presented in Tables I, IT, and III, are in their 

general trend well in accord with the findings of Folin and Lewis. For the sake 

of economy in space, we do not include in Tables I, II, and III the complete 

series but only representative examples of the eases observed. In Tables IV and 

V, however, the average values were derived from the total number of subjects 
studied. 

In all three groups of our subjects considerable variations are evident in 

the quantities of sulphur, both total and its divisions, and of total nitrogen as 


well as in the nitrogen-sulphur ratios. The average values for total sulphur, 


TABLE II 
REPRESENTATIVE EXAMPLES OF THE RESULTS IN THE GROUP OF PATIENTS WITH ATROPHI( 
(RHEUMATOID) ARTHRITIS 


AS 
TO 
RATIO 
AS S 
AS S 


PERCENTAGES 


rOTATI NITROGEN 
IN GM. 
TOTAL SULPHUR 
rr INORGANI( 
SULPHATES 
ETHEREAI 
SULPHATES 
” NEUTRAL 
SULPHUR 
CREATININE 
CREAT. COEFF. 


s S S 


n D2 i 


» 6 7.0 20.4 618 


0.305 | 0.027 | 0.078 


=|SULPHUR 


0.385 
8.2 17.7 4.1 790 
0.426 | 0.061 | 0.072 | 76.2 | 10.9 12.9 843 
0.424 | 0.077 | 0.101 70.4 12.8 16.8 1.027 
0.482 | 0.080 | 0.0356 80.6 13.3 6.1 0.930 


0.510 
0.559 


0.399 | 0.090 | 0.031 


7oI1 ol 


‘ 
‘ 


~a bo be 
% 


0.602 


>: 
C2 DD et es 


ow 


0.598 


oa 


5 Ss.) 11.0 
0.562 | 0.062 | 0.067 81.3 9) 9.7 


-«e 
One 


0.619 
0.69] 


0.499 | 0.052 | 0.068) 80. 


092 


CS oe 


bo oi ¢ 


400 


Se oe oh oe oe ieee 


l. 

l. 
0.807 | 0.069 | 0.026 | 89.5 7.6 299 1.403 

l. 


1.267 | 0.100 | 0.085 | 90.5 7.1 2.4 153 


isted on the basis of increasing levels of nitrogen excretion. 
TABLE III 


ESENTATIVE EXAMPLES OF THE SULTS IN THE GROUP OF PATIENTS WITH HYPERTROPHI 
AR’ ITIS (OSTEOARTHRITIS) 


AS S 
\ 


AS S 


PERCENTAGES 


TO 
RATIO 


NITROGEN 


, SULPHUR 


GM. 


uM. 
SULPHATES 


ETHEREAL 
SULPHATES 
SULPHUR 


NEUTRAI 


IN 
REATININE 


roTal 
NITROGEN 
SULPHUR 


iN 


Ss 


a 
S. 


» 


> CO | 


PSS | 0.015 | 0.107 70.3 
543 | 0.067 | 0.156 | 70.9 
511 | 0.068 | 0.048 | 81.5 
O61 | 0.097 | 0.081 | 85.6 
628 | 0.059 | 0.087 | 81.0 
.766 | 0.107 | 0.066 | 81.6 
1.120 925 | 0.067 10.128 | 82.6 
1.063 901 | 0.048 | 0.114 84.9 
0.937 14.2 .797 | 0.032 10.108 | 85.1 
1.083 12.9 895 | 0.111] 0.077 | 82.6 
1.225 12.7 .034 | 0.092 | 0.099 | 84.4 
247 14.4 | 1.012 | 0.133 | 0.102 | 81.2 
11959 | 14.6 | 1.133 | 0.039 |0.087 | 89.9 | 32 5.{ \ 
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on the basis of increasing levels of nitrogen excretion, 
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given in Table IV, are 0.705 gm., 0.736 gm., and 0.933 gm., respectively, for the 
healthy individuals, for the patients with atrophie arthritis and for those with 
hypertrophic arthritis. The inorganic sulphate fraction constitutes 79.7, 81.2, 
and 80.6 per cent of the total sulphur for the three groups of subjects in the 
order listed above; while the rest of the total sulphur is made up of approxi- 
mately equal quantities of ethereal sulphates and of neutral sulphur. These 
results are in harmony with the views of Fiske regarding the total sulphur 
excretion and its partition of individuals on an ordinary average diet." 

While the average figures (Table IV) showing the percentage relationship 
of the three sulphur constituents to total sulphur are much the same for all three 


TABLE LV 


EXTREME AND AVERAGE VALUES FOR SULPHUR AND ITS PARTITION 


| PROPORTION OF | 
NO. OF | SULPHUR AVER- |THE 3 TYPES OF S| AVER 
CASES |LOWEST HIGHEST| AGE TO TOTALS | AG 

LOWEST HIGHEST 


TYPE OF CASE 


; gm. 7 : gm. per cent per ce 
Total Sul Normal 20 | 0.529 0.997 | 0.705 
phur as S.|Atrophic arthritis ; 18 | 0.383 1.400 | 0.736 
Hypertrophic arthritis) 41 0.410 1.782 | 0.933 
Inorganic Normal 20 | 0.415 0.826 | 0.562 71. 90.9 
Sulphates |Atrophie arthritis 18 0.305 1.267 | 0.598 | 70. 90.5 
as 8. Hypertrophic arthritis}; 41 | 0.288 1.678 | 0.752 70.; 89.9 
Ethereal Normal 20 | 0.014 0.134 | 0.070 3. 16.9 
Sulphates |Atrophic arthritis 18 | 0.027 0.120 | 0.073 3.7 17.7 
as 8. Hypertrophic arthritis} 41 | 0.015 0.232 | 0.090 3.{ 19.6 
Neutral Normal 20 0.030 0.146 | 0.072 . 17.8 
Sulphur Atrophie arthritis 18 | 0.026 0.102 | 0.066 2.4 20.4 
as S. Hypertrophic arthritis} 41 0.035 0.156 | 0.085 3.5 26.1 


9.1 

groups of our subjects, it may be noted that the averages of the absolute amounts 
of total sulphur, and, of course, of its three main constituents in the patients 
with hypertrophie arthritis are considerably higher than those in the rest of 
our subjects. The patients with atrophie arthritis, on the other hand, exhibit 
virtually the same sulphur excretions as the group of normal individuals. The 
high sulphur output in the group of patients with hypertrophic arthritis might 


suggest the conclusion at which Cawadias arrived, that these patients are losing 


sulphur, i.e., are in negative sulphur balance. At this juncture the determina- 
tions of the nitrogen excretion must be applied to ascertain the nitrogen-sulphur 
ratio as an indispensable control before the figures for the absolute sulphur 
excretions can be properly evaluated. As our analyses, summarized in Table V, 


TABLE V 


EXTREME AND AVERAGE NITROGEN EXCRETIONS AND NITROGEN TO SULPHUR RATIOS 


TOTAL NITROGEN IN NITROGEN TO SULPHUR 
no. or| 24 HOURS’ URINE | RATIO 7 
CASES | LOW- | HIGH- | AVER- “Low- | HIGH- | AVER: 
EST EST AGE EST | ES‘ AGE 





gm. gm. ; 
Normal | 5. 11.8 9 9.3 | f 12.7 
Atrophie arthritis 8 5. 15.4 | 
Hypertrophic arthritis | 18.8 | 10.90 
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clearly reveal those patients who eliminated more sulphur also eliminated more 
nitrogen, i.e., 10.90 gm. as the average of nitrogen for the patients with hyper- 
trophie arthritis as compared with the average of 8.98 gm. of nitrogen for the 
group of controls; the two values, increased nitrogen and increased sulphur, 
run parallel. This fact indicates that the increment in sulphur output is the 
result of an increased proteim metabolism. In other words, the group with hyper- 
trophie arthritis consumed on an average more protein, and most likely more 
food in general than did both the normal subjects and the group with atrophic 
arthritis examined in our experiments. 

In addition, even when considering the average absolute values and the 
range of values for the ethereal sulphates and neutral sulphur fractions (Table 
IV), we find no significant differences between the normal persons and the two 
groups of patients with arthritis. The quantities of these two constituents in 
the patients with atrophic arthritis are virtually identical with those in the 
controls; for ethereal sulphates the figures are 0.073 gm. for the former and 
0.070 gm. for the latter, while for neutral sulphur the values are 0.066 gm. 
and 0.072 gm., respectively. There is, likewise, practically a coincidence between 
the absolute values for neutral sulphur in the patients with hypertrophic arthritis 
and in the normal subjects. The range of values are 0.035 gm. to 0.156 gm. in the 
former and 0.030 om. to 0.146 gm. in the latter, with average values of 0.085 
gm. and 0.072 gm., respectively. Among the absolute values for the ethereal 
sulphate fraction in the patients with hypertrophic arthritis there are four in- 
stances with readings of 0.159, 0.162, 0.179, and 0.232 gm. which are definitely 
above the highest figure of 0.134 gm. found for the ethereal sulphates in the 
group of controls. Yet, the percentage relationship of ethereal sulphates to total 
sulphur in these four exceptional cases (13.7, 15.3, 19.0, and 19.6 per cent) are 
either within or insignificantly above the highest relative value of 16.9 per cent 
found in the healthy subjects. Consequently, no importance is attached to the 
average absolute value of 0.090 gm. for ethereal sulphates found in the group 
of patients with hypertrophie arthritis as compared with the average absolute 
value of 0.070 gm. found in the healthy class. Furthermore, the relative values 
for these amounts, namely 9.7 per cent and 10.0 per cent, respectively, warrant 
the conelusion that the difference in the average absolute values for the ethereal 
sulphates in the group with hypertrophic arthritis and the healthy group merely 
reflects the difference in their total sulphur excretions. 


Similarly, as pointed out previously, the relationship between the nitrogen 


and sulphur elimination as expressed by the nitrogen-sulphur ratio is practically 


the same in all three groups of our subjects; 12.7 for the group of normal in- 
dividuals, 12.2 for the group with atrophie arthritis and 11.9 for the group 
with hypertrophie arthritis (Table V). The range of values for this ratio of 9.3 
to 17.9 found in our controls corresponds closely with the values of 13 and 16 
established by Lewis'! and that of 9.3 found by von Wendt.’* Our average 
value of 12.7 practically coincides with that caleulated from the total nitrogen 
and total sulphur reported by Folin’® in the urine of six ‘‘normal’’ individuals. 
The average N:S value of 11.9 found in the elass with hypertrophie arthritis is 
hot considered to be significantly lower than the average N:S value of 12.7 
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determined in the normal subjects. This finding is decidedly contrary to th 
assumption of a negative sulphur balance in these patients. In only one of the 
18 patients with atrophic arthritis and in four of the 41 with hyperarthritis 
were nitrogen-sulphur ratios observed below that of our lowest normal value of 
9.3. The figures for these exceptional cases are 7.4 for the one patient in the 
former group, and 6.9, 6.9, 6.9, and 8.2 for the four patients in the latter group. 
We believe it would be too far-fetched to attribute special significance to such 
a relatively small number of exceptions. 

As a further check on the sulphur balance of patients with chronie non- 
specific arthritis, the nitrogen to sulphur ratios in the food were compared with 
those in the urine of three patients with atrophie arthritis and three with hyper- 
trophie arthritis who were hospitalized and whose food intake was accurately 
measured. The nitrogen and sulphur in the stool does not materially affect the 
findings in the urine and ean be safely disregarded.’ The results of this experi- 


ment are shown in Table VI. 


TABLE VI 


NITROGEN TO SULPHUR RATIO IN Foop AND URINE 
CASE N:S N:sS 
NO. RATIO OF FOOD RATIO OF URINE 
4, 


Atrophie arthritis 13 Ist day 2 I 
2nd day 2. l 
3rd day L. ] 


3. 
Atrophie arthritis Ist day 
2nd day 


Atrophie arthritis 5 Ist day 
2nd day 
3rd day 

Hypertrophic arthritis H Ist day 
2nd day 
3rd day 


Hypertrophic arthritis Ist day 
2nd day 


Hypertrophic arthritis ‘ Ist day 
2nd day 


In no instance did the nitrogen to sulphur ratio in the urine become less 
than that in the food consumed during the corresponding twenty-four hours, thus 
illustrating that there was no loss of sulphur in either type of patient. The sub- 
jects in this series had not been under sulphur therapy previous to and during 
the experiment. As a matter of fact, our cases show a sulphur retention rather 


than a negative sulphur balance. 
CONCLUSION 


In our studies, the sulphur exeretion and sulphur partition in the twenty 
four-hour quantities of urine of 18 patients with atrophie arthritis and 41 with 
hypertrophic arthritis showed no appreciable deviation from those of 20 healthy 
individuals. In only one patient of the 18 with atrophic arthritis and in four 
of the 41 with hypertrophic arthritis were nitrogen to sulphur ratios olserved 
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which were below the lowest value found in the normal subjects. On the whole 


our experiments disprove the alleged existence of an abnormal sulphur elimina- 


tion or sulphur partition in the urine of patients with chronic nonspecific 
arthritis. 
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STUDIES IN BACTERIOPHAGE II1* 
METHODS OF MAINTAINING AND TESTING THE POTENCY OF BACTERIOPHAGE 
HELEN ZAYTZEFF-JERN, M.D... AND FRANK L. MeLENEY, M.D., New York, N. Y. 


A. INTRODUCTION 

VER two years ago we began to use bacteriophage in the Surgical Depart- 

ment of the Vanderbilt Clinie in the treatment of staphyloecoceus infee- 
tions. The bacteriophage used at the beginning was prepared periodically in a 
laboratory having had a long experience in the preparation of phage and was 
sent to us in batches as needed. 

The first two batches were apparently successful in shortening the duration 
of most of the lesions treated, and lysis of the strains in the test tube occurred 
regularly. However, on the arrival of the third batch the results suddenly be- 
came poor, and simultaneously the phage failed with many strains to produce 
complete lysis in the test tube. When we reported this it was said that in some 
way or other this phage must have lost its poteney during the final heating 
process (60° for one hour on three successive days). The use of one of the next 
batches, however, met with varying success. On inquiring if there were any 
changes in the method of preparation of the different batches of phages which 
might have affected the potency, it was learned that in the last one, the phage 
was propagated at the expense of only one strain of staphylococeus, while for 
the preparation of phage of the first and second batches ten to twelve strains 
of staphylococci were used. 

The same failure occurred when we produced our own phage by the method 
used by Dr. MacNeal of the Post Graduate Hospital, New York, who supplied 
us with five different strains of polyvalent staphylococcus phage and a stock 
culture upon which he propagated them. The five phages were propagated sep- 
arately in plain broth at a pH of 7.6 to 7.8, 0.1 ¢.c. of a twenty-four-hour bac- 
terial culture and 0.5 ¢.c. of phage were added to 10 ¢.c. of the broth. The tubes 
were incubated at 37° C. 
and pooled before being used in the eliniec. 


overnight and, if found to be clear, they were filtered 


The results at the beginning were encouraging. However, after a short 
period of success we were suddenly faced with a series of failures. Simulta- 


neously it was found that the bacteriophage was beginning to lose its power te 
*From the Bacteriological Research Laboratory of the Department of Surgery ‘ollege 
of Physicians and Surgeons, Columbia University. 
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produce complete lysis in vitro. The phage was then tested against old strains 
which it had formerly lysed, and it was found to be impotent. 

Not recognizing the cause of this deterioration we made an immediate shift 
to strain BL obtained from Dr. Gratia then of the University of Brussels. This 
was found to be effective not only in the laboratory but in the clinic, and its 
period of success lasted for about two months only to be followed by a series of 
poor results. This time, however, the laboratory tests still showed a complete 
visible lysis of most of the strains of staphylocoeci, even to the eighth decimal 
dilution of phage, which d’Herelle' considers to indicate a fairly high degree 
of potency. 

It was obvious that the potency of the bacteriophages which we were using 
was not constant, and it seemed to us to be important to find some method of 
insuring the potency of the phage. From a elinieal point of view the term 
‘“‘notency’’ might be applied to the ability of the phage to arrest the course of 
the infection in the patient but from a biologie viewpoint, it applies to the 
ability of the phage to destroy and prevent the growth of the bacteria in the 
test tube. For this bactericidal or bacteriostatic property the word ‘*‘ virulence’ 
has been used but this does not seem to be a suitable term for clinical potency. 
As yet no standard method of phage preparation has been recognized although 
various methods have been proposed. What are the factors which might be in- 
volved? We decided to investigate certain of these factors, for example the 
media employed, the bacterial strain used for propagating the phage, the con- 
centration of the bacterial inoculum, the amount of phage used, the optimum 
temperature, and the method of testing for potency. 


B. CULTURE MEDIUM 


For a propagating medium some authors have recommended plain meat 
infusion broth; but MacNeal*® has advised asparagin for intravenous injection to 
minimize the protein content while others, including d*Herelle and his followers‘ 
favor ‘‘savita’’ medium. We have employed all three in this study. We have not 
used the papain digest broth recommended by Asheshov.* We found that as- 
paragin was not sufficiently nutritive for the development of either bacteria or 
bacteriophage. Staphylococci grew in it very slowly, yielding about 500 to 750 
million organisms per ¢.c. after twenty-four hours of ineubation at 37° C., and 


1 


still less growth at a temperature of 32° C., or lower. This was, therefore, 
abandoned and replaced by ‘‘savita’’ medium used in d’Herelle’s laboratory in 
Paris and by some of his followers. This is made out of 1 per cent ‘‘savita’’ ex- 
tract, 0.5 per cent of sodium chloride, and adjusted to a pH of 8.1, which after 
boiling and autoclaving becomes 7.5 to 7.8. 

A eomparative study of staph-phage preparations in meat infusion broth 
and ‘‘savita’’ medium showed that the lysis of bacteria in broth is accomplished 
ina shorter period of time than in ‘‘savita.’’ On a number of occasions, it was 
noticed that after eighteen hours of incubation at 32° C., the broth tubes were 
completely clear while ‘‘savita’’ was still slightly turbid. After twenty-four hours 


they usually became clear when left at room temperature. ‘‘Savita’’ phage always 
had more of a tendency to form secondary culture than broth phage. It was 
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also found that larger numbers of staphylococci could be completely lysed in 
broth than in ‘‘savita.’’ Up to 700 million per ¢.c. could be completely lysed in 
broth but this number could never be dissolved in ‘‘savita’’ medium. 

When measuring the number of bacteriophage corpuscles by the plaqu 
count, we found that the count in broth phage was always somewhat higher than 
in ‘‘savita’’ phage under identical conditions. With respect to retaining the 
potency as measured by plaque count and lytie action in broth we found that 
broth phage retained it for a longer period of time than ‘‘savita”’ bacteriophage. 

On the other hand, in our elinical application of bacteriophage for the 
treatment of staphylococcus infections, such as furuncles and earbuncles, it 
which bacteriophage was injected directly into the lesion, we found that broth 
phage occasionally gave a severe local reaction, while this never oeeurred with 
‘‘savita’’ bacteriophage. Furthermore, when injected subcutaneously, ‘‘savita”’ 
phage gave practically no reaction while the area injected with broth phage 


was sometimes surrounded by a large zone of redness. 
C. THE OPTIMUM TEMPERATURE FOR PROPAGATION 


There has been no consensus of opinion with regard to the optimum tempera 
ture for the propagation of phage. In the bacteriophage laboratory of Dr. 
d’Herelle in Paris,® the phages are prepared at 33° C., the same temperature that 
is used by Dr. MacNeal of the Post Graduate Hospital. Dr. Gratia at Liege pre 
pares his phages at 37° C.? and Larkum of Lansing, Michigan, and <Asheshoy 
of India prefer the temperature of 22° C.S A study of this question in our 
laboratory has shown that a temperature of 32° C. to 33° C. was the most favor 
able for our staphylococcus phages. The experiments showed that phages pre- 
pared at 32° C. remained clear indefinitely, while bacteriophages made under 
identical conditions but at a temperature of 37° C. developed secondary growth 
after standing for one or two weeks at room temperature. No significant dif- 
ference in potency as measured by plaque count and lytie action in broth was 
found between phages prepared at room temperature and at 32° C. However, 
room temperature preparation was abandoned after it was found that some 
strains of staphylococci, especially those just isolated from the body, grew at 
room temperature very slowly so that the control tubes were often found to 
be still clear after twenty-four hours. This might be a source of error. be- 
sides, even a weak bacteriophage will often produce a complete visible lysis at 
room temperature. Thus, a weakening of phage can be more easily missed at 


room temperature than at 32° C. ineubation. 
D. BACTERIAL CULTURES 


Now let us consider the cultures which should be employed for the propa- 
gation of bacteriophage. Some laboratories use a single strain of staphylococcus 
for the preparation of a number of staph-phages. Other laboratories employ 


a specific strain for each bacteriophage. These, after filtration may be mixed 


together. Still others propagate their phages against a mixture of bacterial 
strains after adding some freshly isolated strains to the laboratory stock strains 
each time that phage is made. Other workers, however. propagate their phi res 


against separate individual strains and pool the filtrates. 
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Since we began the preparation of our phages we have tried several dif- 
ferent methods. At first we followed the method of MeNeal and Applebaum 
who prepared five phages at the expense of a single susceptible strain. After 
lysis had taken place the cultures were filtered and the filtrates pooled. This 
pooled phage produced complete visible lysis of the majority of strains at first 
but later, even though prepared in the same way, it lost its ability to lyse 
heterologous strains and then the homologous strains. We then shifted to an- 
other phage (BL) obtained from Gratia. When propagated on MeNeal’s stock 
strain it rapidly lost potency but when propagated on one of our stock cultures 
potency was maintained for over two months, and then it failed again. We 
then started with a new phage obtained from Larkum (B-59-A) and employed 
a stock culture for its propagation. For about three months this strain 
(1968) continued to undergo complete visible lysis and the plaque count showed 
the titer of phage to be 10°° or better. In the course of another month several 
freshly isolated cultures tested against this phage were found to undergo only 
partial lysis. We then went back to 12 laboratory strains previously susceptible 
and found that the phage was no longer able to dissolve completely all of the 
cultures. It was obvious that bacteriophage B-59-A, kept for a long time in 
contact with a single strain, had begun to lose its poteney with respect to other 
strains. This was confirmed, for when the phage was tested against eight dif- 
ferent cultures and the clear tubes were filtered and pooled, the new pooled phage 
was tested again against the same 12 strains of staphvlocoeci. This time 11 
cultures underwent complete visible lysis while one tube of broth was trans- 
lucent. The inerease in potency of phage B-59-A as the result of contact with 
several other strains of staphylococci was evident. 

Sinee then we have repeatedly found that when a phage begins to lose its 
potency, it may be restored by propagating it against other suitable strains 
of staphylococci. This question will be studied in more detail and will be 
reported in a subsequent paper. 


E. TESTING THE POTENCY OF BACTERIOPHAGE 


The method most commonly used for testing the potency of bacteriophage 
against any given culture is to bring the bacteriophage into contact with a thin 
suspension of the bacteria in broth. One drop of a young culture of the bac- 
teria is transplanted into two tubes containing 5 to 10 ¢.c. of plain broth of 
pH 7.4 to 7.8. This dilutes the culture down to a concentration of about 
25 or 50 million organisms per cubie centimeter and gives a faint turbidity to 
the broth. Then to one of these tubes 0.1 ¢.e. to 1.0 ee. of the phage filtrate 
is added. The other tube serves as a control. Both tubes are then ineubated 
and the final results are read in eighteen or twenty-four hours in terms of the 
clarity of the suspension. If the fluid containing the phage is absolutely clear 
while the control shows good growth, the phage is considered to be potent. 

This serves as a very rough gauge of phage activity and numerous methods 
have heen devised to improve it. For example, potency has been measured by 
the rapidity of the clearing of the broth culture. Thus, in d’Herelle’s laboratory 


of bacteriophage in Paris® phage is considered to be potent if one drop of it, 
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within three hours of incubation at 37° C., produces complete lysis of the bae- 
terial suspension made wiih 5 drops of an eighteen- to twenty-four-hour-broth 
culture in 5 e.c. of plain broth, 

In 1926 d’Herelle, himself,’ preferred to determine the activity of bae- 
teriophage by the actual count of ‘‘corpuscles.’’ This estimate may be made by 
diluting the phage down through a series of decimal solutions in broth or saline 
and adding the bacterial suspension in the approximate concentration of 250 mil- 
lion per c.c. These tubes are well shaken and a measured quantity, approximately 
.02 ¢.¢., is spread upon the surface of an agar slant or Petri dish. With the 
more potent phages there will be a complete inhibition of bacterial growth in 
the higher concentrations of phage. With the higher dilutions bacterial growth 
appears on the plate with clear areas scattered over the surface which represent 
foci of phage activity. These clear dots (‘‘plaques’’) may then be counted and 
an estimate made of the number of phage ‘‘corpuscles’’ in the original suspen- 
sion. According to Dr. Bulgakov of d’Herelle’s laboratory in Paris, phage which 
vields a number of plaques when diluted 10°° is considered to be potent.” 

Others measure the poteney of bacteriophage by a method of successive 
dilutions in liquid medium proposed by Appelman.'? This author considers 
that the higher the dilution of phage in which complete lysis of bacteria is ob- 
tained, the better the bacteriophage. 

Still others combime Appelman’s method with d’Herelle’s. Transplanta- 
tion of one drop of each dilution in broth is carried out on an agar slant. The 
potency is thus determined by the results of phage action both in liquid and in 
solid medium. 

Sertic and Bulgakov,'* on the basis of d’Herelle’s idea that the potency 
of phage is proportional to the rapidity with which phage corpuscles multiply, 
offered the following method for testing the potency of phage: <A culture 
grown for six hours at 36° C. on an agar slant, 18 mm. in diameter is washed off 
with 1.0 ¢.c. of broth; 0.05 ¢.¢, of this suspension is then inoculated into 10 ¢.c. 
of broth and incubated for an hour at 36° C. At this time 1,000 corpuscles per 
e.c. of phage, estimated by preliminary plaque count, are inoculated into the 
broth and the culture is incubated further. At five-minute intervals during the 
first half hour a measured amount of the culture is plated and the plaques are 
counted. This is repeated at ten- or fifteen-minute intervals up to two hours, then 
at three, six, and twenty-four hours. The writers do not mention what the 
criterion of potency of phage is when measured by this method. Other methods 
of evaluating phage potency in general represent some modification or combina- 
tion of the methods mentioned above. 

The fact that many methods have been devised for determining the po- 
teney of bacteriophage indicates that none has been found to be entirely satis- 
factory. Furthermore, any method for determining potency in vitro must be 
correlated with clinical results if the laboratory is going to be of direct service 
in obtaining practical results in phage therapy. 

Our difficulties in maintaining the potency of phage both in the laboratory 
and in the clinie induced us to study all of the various methods proposed for 


testing potency. In our earlier experience when one phage began to lose Its 
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potency we were at a loss to know how to restore its poteney and while attempting 
to find an adequate explanation we turned to another phage. 

As we have stated above, when a phage began to yield poor results in the 
clinie it usually gave some indication of its loss of potency in the laboratory tests, 
for example, by failing to produce complete lysis first of heterologous strains 
and then of the homologous strain upon which it had been propagated. One 
phage BL., however, began to lose its potency clinically without any diminution 








—_ 


Fig. 1.—The character of bacterial growth from clear unfiltered phage suspension. The 

growth, obtained on the blood plate from the clear, unfiltered phage suspension: I, twenty-four 

Il, seventy-two hours; III, six days after its preparation. Staph-phages BK, BL, and 

prepared at the expense of strains M and H of staphylococci. With the strain M, all 

» phages gave an extensive growth of mostly normal and some degenerated-looking colonies 

wenty-four-hour-old phage suspension and continued to do so after seventy-two hours and 

days of standing at room temperature. The tubes from which the plating was done re- 

ed clear for about a month, at which time they were discarded. The same phages, pre- 

pared at the expense of the strain H, which is evidently much more susceptible, gave an 

abundant growth of degenerated-looking colonies from twenty-four-hour phage suspension, but 

the growth from seventy-two-hour suspension was considerably less extensive. In six days 

one of the phages did not give any growth at all and there was only one colony from one of 
the others and a few from the third. 








of its lytic power in broth. But, when a loopful of the cleared culture, with- 
out previous filtration, was plated on blood agar we found to our surprise that the 


culture gave a profuse growth of individual noneonfluent colonies on the plate 
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(see Fig. 1). The colonies were yellowish and did not differ in any respect 
from normal staphylococcus colonies. When these colonies were smeared on 
slides and stained, the individual organisms appeared normal. When trans 
planted into broth and incubated, they gave a normal turbidity, and after being 
brought into contact with the same bacteriophage, they underwent complet: 
visible lysis again. However, when this cleared culture was again plated on 
blood agar, it vielded typical staphylococcus colonies again. Some of the cleared 
tubes yielding growth were found to remain clear for a month while standing 
at room temperature, and during this period each time they were plated the) 
gave an extensive growth of separated, normal looking colonies of staphylococci. 
When plain agar plates were inoculated instead of blood agar, growth was con 
siderably less abundant and in some eases entirely absent (see Fig. 2). It was 
evident that blood agar was a better medium for the ‘‘invisible’’ staphylococci, 
or else the blood contained some element which inhibited the phage. However, 











Fig. 2.—The difference of the degree of bacterial growth from phage suspensions on 
plain agar and blood agar plates. Six-day bacteriophage suspensions of bacteriophages 
BL, and BH, prepared at the expense of staphylococci M and H are plated on the plain : 
and blood agar plates. There is an abundance of mostly normal-looking colonies on the blood 
agar plate, while there is no growth on the plain agar plate. 


the coincidence of this phenomenon with the clinical evidence of lack of potency 
suggested a reexamination of the clinically more potent phages by the same 


method. 


A comparison of several different phages showed that some produced actual 
lysis of all of the bacteria and repeated plating failed to show growth while 
others cleared the cultures, but yielded growth of normal or abnormal colonies 
when the cleared tubes were plated. Still others failed to clear the bacterial 
suspensions at all. These three groups, we believe, represent three different de- 
grees of potency, and yet they cannot be correlated exactly with other measures 


of phage potency. Bacteriophage may produce complete visible lysis of a large 
percentage of bacterial strains, and it may be of a high titer, as shown by titra- 
tion through decimal dilutions in liquid medium or by any method of enumera- 
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tion of the bacteriophage corpuscles; still, if the phage is not really potent, 
cleared bacterial suspensions will yield growth of normal or abnormal colonies 
when plated on blood agar. This seems to be the first evidence of a fall in potency, 
for it is soon followed by a diminishing ability to produce complete visible lysis 
of bacteria in the test tube and by a drop in the number of bacteriophage cor- 
puscles and a slowing of the rate of their multiplication. For this reason this 
simple method of testing phage potency is of practical significance and might be 
profitably employed whenever any clinical use is to be made of the phage. 
Although, when the phenomenon was first observed, as mentioned above, the 
colonies growing from the clear suspensions appeared normal, later experience 
with other phages made it evident that growth on blood agar from the unfiltered 
bacteria—bacteriophage mixtures vary considerably and each of the different 
kinds of colonies appearing on the blood plates has a different significance. The 
colonies may appear degenerated or they may be normal except for a change 
in color. The ‘‘moth-eaten’’ colonies indicate that the lysis of bacteria is slow. 
These colonies are partially transparent and contain particles of yellow pigment. 
They are usually hemolytie if the original culture is hemolytic. These colonies 
will be obtained from the most potent phages if the plating is done during the 
first or second hour of incubation after the bacteriophage is brought into con- 
tact with the bacteria. If the plating is done every ten to fifteen minutes after 
setting up the test, one will see these colonies gradually diminishing in number 
and under the action of a very potent phage they will disappear within two hours. 
With the less potent phages growth will appear up to twenty-four, forty-eight 
hours, and even later. Often the phages giving growth after twenty-four 
hours will not do so after forty-eight hours or later. Others will continue to 
yield some growth for several days, some in decreasing and others in increasing 
numbers depending on whether the phage or the bacteria dominate. In ease of 
increasing bacterial growth, round normal looking colonies may appear without 
any sign of degeneration. These colonies may be yellow and look like the 
original culture except that they are usually nonhemolytie when the original 
culture is hemolytic. They may differ from an original culture also in color 
which may be grayish or greenish. If the colonies are greenish they are usually 
surrounded by a green zone of hemolysis. Only rarely do these colonies become 
confluent, although they may be very closely attached to each other. The green 
colonies are usually more dry than normal staphylococcus colonies, while the 
yellow or gray colonies have the consistency of normal staphylococcus eolonies. 

The development of one or another type of these abnormal colonies from a 
clear phage-bacteria suspension, after twenty-four hours of incubation usually 
indicates that the bacteriophage is losing its potency, or that the bacterial 
Strain is acquiring resistance. The further use of this strain will result in a 
decrease in potency of the phage. In a large number of cases, especially if 
the appearance of these colonies has taken place for the first time, the tubes 
will remain clear for a long time, although when plated they will almost 
always give an abundant growth of bacteria. In some instances the number 
of colonies on the plate will gradually diminish over a period of days and 


finally disappear. The appearance of green colonies is followed by the de- 
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velopment of a visible cloudiness in the broth in a shorter period of time than 


when the cleared suspension yields the gray or yellow colonies. 


F. THE DOSAGE OF BACTERIA FOR THE PROPAGATION OF BACTERIOPHAGE 


In 1926 d’Herelle’® recommended a heavy inoculum of bacteria approximat- 
ing 250 million per e¢.c. of medium but a number of workers prefer a much 
smaller amount. MacNeal,’* for example, in 1931 prepared his phages in 
bacterial suspensions estimated to contain 25 to 50 million per ¢.c. On one 
occasion when preparing one of the NacNeal phages, we inoculated six tubes 
containing 10 ¢.c. of broth with 25 million bacteria per ¢.c., while one tube 
by accident received 150 million to the ¢.¢.; 0.5 ¢.c. of phage was then 
added to each tube (Table I). After twenty-four hours’ incubation at 


TABLE I 


GROWTH ON THE ae 
_ . : , APPEARANCE 
NUMBER OF APPEARANCE BLOOD AGAR OF THE BROTH APPEARANCE 
STAPHYLO- QUANTITY OF OF THE MEDIUM PLATE INOCU APrER OF THE BROTH 
COCCI PER PHAGE AFTER 24 HOURS LATED WITH 1] 70 ; z AFTER ONE 
(2 HOURS OF 


CUBIC INOCULATED OF LOOPFUL OF 24 fe ROOM MONTH OF KOOM 
CENTIMETER INCUBATION HOUR PHAGE ; TEMPERATURE 
“ : TEMPERATURE 
SUSPENSION 


Million DO Cc. Clear Abundant Cloudy Cloudy 
Million 3 CC. Clear Abundant Cloudy Cloudy 
Million OD €.€. Clear Abundant Cloudy Cloudy 
Million 5 ¢.€. Clear Abundant Cloudy Cloudy 
Million 5 Ce. Clear Abundant Cloudy Cloudy 
Million 5 ¢.c. Clear Abundant Cloudy Cloudy 
Million .G. Translucent None Clear Clear 


all of the tubes inoculated with 25 million were clear, while the 
tube containing 150 million ¢.c. bacteria was translucent. When a drop 
from each tube was plated on the blood plate, however, there was an 
abundant growth from the clear tubes, while the tube inoculated with 150 mil- 
lion per e.c. did not yield a single colony. All of these tubes were left on the 
desk at room temperature, and after standing seventy-two hours, the clear tubes 
became slightly cloudy, while the tube inoculated with the larger amount of 
bacteria became clear and remained so for a month. In an effort to bring light 
upon this problem, we prepared bacterial suspensions with varying amounts of or- 
ganisms, estimation of the number being made by the ‘‘turbidimeter’’ method of 
Gates..° The experiment was set up with a series of tubes inoculated with 
25 million, 150 million, and 300 million per ¢.c. and the result confirmed the 
accidental finding (Table II). The tubes containing the smaller inoculum be- 


TABLE II 


a | GROWTH ON THE | 
NUMBER OF eae Z po i - ; =o 
‘ naa QUANTITY OF APPEARANCE OF | BLOOD AGAR INOCU-| TITER OF PHAGES 
STAPHYLOCOCCI | ago : ; | ae o see an 
PER CUBIC | P. PHAGE INOCU- BROTH AFTER LATED WITH 24- | AS ESTIMATED BY 
‘ LATED 24 HOURS | HOUR PHAGE SUS- PLAQUE COUNT 

CENTIMETER | oe nssngeat 8 
PENSION 


0.5 ee. 


|_ _ _PENSIC - 
Abundant 10-7 
150 Million 0.5 ee. Translucent | None 10-9 
300 Million 0.5 ee. | Translucent | 10-8 


~ 95 Million 
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came Clear but yielded growth on the plate while the tubes with 150 million e.e. 
and 300 million ¢.c. remained translucent for twenty-four hours but yielded 
no growth and later the tubes cleared. When the potency of bacteriophage 
prepared at the expense of these three amounts of staphylococcus was tested by 
the count of plaques on agar, the phage prepared at the expense of 150 million 
c.c. was found to possess a higher titer than either of the other quantities of 
inoculum. These experiments were then repeated with another phage B-59-A ob- 
tained from Dr. Larkum and another strain of staphylococcus. <A series of 10 
tubes containing 10 ¢.c. of plain broth was used (Table III). The amount of 


TABLE III 
NUMBER OF APPEAR 43 : TITER OF 
: ; GROWTH APPEARANCE OF BROTH 
STAPHYLO- QUANTITY OF ANCE GF |... wns ie : | PHAGE AS 
COCCL PER B-59-A PHAGE BROTH BLOOD | TESTED BY 
CUBIC INOCULATED AFTER 24 72 HR. 96 HR. | 2 WK. PLAQUE 
; es : AGAR oi 
CENTIMETER HOURS | | COUNT 
25 Million | 0.1 e.c, = 10 mil- | Clear | Abun- Slightly Cloudy  |Cloudy 10-6 
lion corpuscles | dant cloudy 
75 Million | 0.1 ¢.e, — 10 mil- | Clear Moderate} Clear Slightly Cloudy | Not tested 
lion corpuscles cloudy 
150 Million | 0.1 ¢.c. — 10 mil- | Clear Absent Clear Clear Clear | 10-8 
lion corpuscles 
225 Million | 0.1 ¢.c. = 10 mil- | Translu Absent |Clear Clear Clear | 
lion corpuscles cent 
300 Million | 0.1 ¢.e. — 10 mil- | Translu Absent |Clear Clear iClear | 10-7 
lion corpuscles cent | 


| Not tested 


inoculation ranged as follows: 25, 75, 150, 225, and 300 million organisms 
per ¢.c. two tubes being used for each dose of organisms; 0.1 ¢.c. of phage eon- 
taining approximately 10 million ‘‘corpuscles’’ was added. The tubes were then 
incubated at 32° C. for twenty-four hours. When examined, it was found that 
the tubes inoculated with 25, 75, and 150 million bacteria per ¢.c. were clear, 
while those prepared at the expense of 225 M/c.c., and 300 M/c.c. were trans- 
lueent. A drop from each tube was then plated on blood agar plates and in- 
cubated overnight. Meanwhile one set of the tubes was filtered and another set 
left at room temperature for further observation. When the plates were ex- 
amined on the following day the parts of the plate inoculated with one drop 
from the tubes receiving the smallest dose of organisms yielded a very rich 
growth of separate colonies. The colonies were considerably less abundant from 
the tube inoculated with 75 M/e.c. Not a single colony grew out of the tubes 
inoculated with 150, 225 M/ec.c. and 300 M/e.e. of bacteria. The series of tubes 
which were left at room temperature remained clear for forty-eight hours. Then 
slight cloudiness was noticed in the tube inoculated with 25 M/c.c. bacteria and 
aday later in the 75 M/e.c. tube. The other tubes, two of which remained 


slight|y translucent, did not show any cloudiness and did not grow on the plate 


for a period of two weeks after which they were discarded. 

The phages prepared at the expense of 25 M/c.c., 150 M/c.c., and 300 M/e.e. 
Were tested for their potency by the plaque count. Plaques appeared in the 
eighth decimal dilution of the phage prepared at the expense of 150 M/ce.e. 
while the limit of the phage prepared with the 300 M/c.e. inoculum was the 
sevent!, dilution and the limit of the phage prepared with the 25 M/c.ec. inoeulum 
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was the sixth dilution. These experiments were repeated a number of times (one 
of them is presented in Fig. 3) and according to the plaque count method of test- 
ing potency, the optimum inoculum was found to be from 150 to 250 million 
organisms per ¢.c. If more than 250 M/c.e. of bacteria were used it required 
longer than twenty-four hours’ ineubation at 32° C. to produce lysis and com 
plete clearing seldom occurred. Usually there was slight translucence. Hoy 
ever, the plaque count of phage produced with these larger quantities of 


inoculum was usually only slightly lower than that produeed by the phage 








s9/ 
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Fig. 3.—Potency of bacteriophage prepared at the expense of 25 million, 
300 million per c.c. as estimated by plaque count. Each plate is divided in five parts whi 
inoculated with 10-7, 10-4, 10-5, 10-*, 10-7 dilutions of phage. One can see that the phage pre- 
pared at the expense of 150 million per c.c. contains the largest number of corpuscles. This 
is followed by phage prepared at the expense of 300 million of staphylococci per c.c. a! the 
phage propagated at the expense of 25 million per c.c. contains the smallest number cor 
puscles. 


150 million and 
) are 


propagated at the expense of 150 to 250 million organisms per ¢.c. When the 


inoculum was above 500 M/c.c. several days were usually required to produce 


lysis and the poteney of the phage was usually lower. On the other ind, 


phages prepared at the expense of a smaller amount than 100 M/c.c. were al- 


ways less potent and the potency decreased in proportion to the decrease in th 








ZAYTZEFF-JERN AND MELENEY: STUDIES IN) BACTERIOPHAGE II 


inoculum. Thus the titer of phage prepared at the expense of 1,000 bacteria 
per ¢.c., never exceeded 10° which meant that there had been no propagation 


of the phage originally added to the suspension. 
G, THE QUANTITY OF BACTERIOPHAGE INOCULATION FOR THE PROPAGATION OF PHAGE 


Concerning the quantity of bacteriophage which should be used for phage 


) 


propagation d’Herelle’® states that ‘*the quantity of bacteriophage is a neg- 
ligible factor.” Employing dilutions beginning from 10°? up to 10°! of dys- 
entery phage against 100 M¢.c. bacteria d’Herelle invariably obtained 4+ lysis. 
There was sometimes a delay in the development of lysis with the highest dilu- 
tions but in the lower dilutions lvsis within eighteen to twenty-four hours was 
always complete. D’Herelle came to the same conclusion with respect to othe 
phages including staphylococcus phage. However, in 1922, Ellis’? described 
somewhat different observations. This author found that a different degree of 
lysis was obtained when different amounts of bacteriophage were used. There 
was complete lysis of the bacterial suspension with a small quantity of phage, 
while only partial lysis was obtained when a larger inoculum of phage was 
employed. Somewhat similar observations were made by Gohs.'® This writer, 
testing a bacteriophage, preserved for a year, found that when the quantity of 
a bacteriophage varied between 1/50,000 and 110,000,000 of a drop, lysis was 
complete, but when the quantity of the phage employed was from 5 drops to 
1 10,000 of a drop the bacteria remained alive. 

Carrying out numerous titration tests with staphylococcus and other bae- 
teriophages in our laboratory we have found that complete lysis may be ob- 
tained in dilutions of 10-*° or even higher, while the dilution 10°’ (and oe- 
easionally the dilution 10°?) may fail to clear the bacterial suspension, This 
cloudiness was at first considered to be due to a contamination, but the con- 
staney of this phenomenon led us to prove that such was not the case. Four 
tubes of broth (Table ITV) were inoculated with 25 million bacteria per ¢.c., 


TABLE IV 


NUMBER OF 
STAPH YLOCOC( 
PER CUBIC 

NTIMETER 
Million 0.1 c.c. Cloudy Abundant Cloudy 
Million 0.01 e.e, Clear Abundant Cloudy 
Million 0.001 e.e, Clear None Clear 
Million 0) Very cloudy Very extensive Cloudy 


QUANTITY OF APPEARANCE OF GROWTH ON THE APPEARANCE OF 
PHAGE BROTH AFTER BLOOD AGAR THE TUBES AFTER 
INOCULATED 24 HOURS PLATE 92 HOURS 


and phage was added in amounts ranging from 0.1 ¢.c. to 0.001 ¢.c. in three 
tubes. containing respectively approximately ten million, one million, and one 
hundred thousand ‘‘corpuscles.’’ The fourth tube was used for control. After 
twenty-four hours of ineubation the tubes inoculated with the 10°? and 10-3 e.c. 


dilutions of phage were clear, while the one inoculated with the 10°! ¢.e. dilution 


displayed only partial lysis. When a drop from these tubes was plated on agar 
there was confluent growth from the tubes inoculated with the 107 and 10°? dilu- 
tions of phage and no growth from the tube inoculated with the 10° dilu- 
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tion. When examined after seventy-two hours at room temperature the tubes 
inoculated with 10°' and 10°? dilutions of phage were found cloudy, while one 
with 10°* dilution of phage was clear. 

Another series of five tubes (Table V) was seeded with 250 million bacteria 
per c.c. and one of them was inoculated with 1.0 ¢.c., another with 0.5 ¢.c., the 


TABLE V 


NUMBER OF | 
STAPHYLOCOCCI 

PER CUBIC 
CENTIMETER 

250 Million 1.0 c.c. Clear None Clear 
250 Million 0.5 c.c, Clear None Clear 
250 Million 0.1 €.c, Clear None Clear 
250 Million 0.01 ce. Slightly cloudy None Clear 
250 Million 0.001 c.e. Cloudy None Clear 


QUANTITY OF APPEARANCE OF GROWTH ON THE APPEARANCE OF 
PHAGE BROTH AFTER BLOOD AGAR THE TUBES AFTER 


7 


INOCULATED 24 HOURS PLATE 72 HOURS 


third with 0.1 ¢.e., the fourth with 0.01 ¢.¢., and the fifth with 0.001 ¢.e. of the 
same phage. There was complete lysis in the tubes inoculated with 1.0 ©.c., 
0.5 e.e., and 0.1 ¢.e. of phage, while lysis in the tube inoculated with 0.01 ¢.c. 
was only partial (3+). and in the one inoculated with 0.001 ¢.e. of phage lysis 
was practically absent. However, when all five tubes were plated on blood 
agar none yielded any growth. When examined later the tubes inoculated with 
250 million bacteria per e.c. and 0.01 and 0.001 ¢.c. of phage were found to be 
completely clear. 

This experiment clearly demonstrated that the quantity of bacteriophage is 
an important factor in the propagation but it is particularly important not to 
use large amounts of bacteriophage such as 0.5 ¢.c. or 0.1 ¢.e. per 10 ¢.c. of 
medium when a small inoculum of bacteria (25 M/c.c. or below) is used. In 
vases when the number of bacteria ranges between 100 and 250 million per cc. 
less care as to the quantity of bacteriophage is required. In this ease amounts 
of 1 @.., 0.5 ©.¢., 0.1 @.c., and 0.01 ¢.c. will produce complete lysis of bacteria 
equally well. However, if higher dilutions of bacteriophage are employed thet 
may be some delay in completing lysis. 

This relationship of the quantity of bacteriophage to the number of or- 
ganisms has been observed with several staphylococcus bacteriophages obtained 
from different sources and the proportions necessary for the development of the 
optimum potency varies with different strains of bacteria and different races 
of phage but in general the best results will be obtained with 150 to 250 mil- 
lion organisms per ¢.c. and 0.1 or 0.01 ¢.c. of phage in 10 ¢.c. of broth. 


SUMMARY AND CONCLUSIONS 


The problem of maintaining and testing the potency of staphylococcus 
bacteriophage has been studied from the point of view of the media to }b« em- 


ployed, the temperature of incubation, the strains of bacteria to be used and 
finally the proportion of the number of bacteria to the quantity of bacterio) lage. 
We have also considered the various criteria of potency. Our experiments secm™ 
to indieate the following: 
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1. ‘‘Savita’’ medium is superior to plain meat infusion broth chiefly because 
of the relative infrequency of uncomfortable reactions in the patient, but labora- 
tory tests indicate that the broth phages are more potent. 

2. The optimum temperature for the propagation of staphylococcus bacterio- 
phage seems to be 32° or 33° C. 

3. Although the potency of phage may be maintained for several months 
by its propagation at the expense of a single strain of bacteria, it may sooner or 
later lose its poteney thereby, and have to be restored by propagation against 
another suitable strain. 

4. More potent phages are obtained by using large inoculations of bacteria 
(150 to 250 million per ¢.c.) and small inoculations of phage 0.1 to 0.01 ce. 


(approximately 1 to 10 million corpuscles) in 10 ¢.e. of medium, than with 


smaller quantities of bacteria and larger amounts of phage. 
5. The earliest indication of loss of poteney is the appearance of growth 
on blood agar from the cleared bacterial suspension. This is followed by a 
failure to produce lysis and a slowing of the rate of multiplication of phage 
corpuscles. 
REFERENCES 


. d’Herelle, F.: Bacteriophage and Its Behavior, Philadelphia, 1926, Williams and Wilkins, 
2. MacNeal, W., and Frisbee, F.: J. A. M. A. 99: 115, 1932. Also Personal Communication. 
3. Asheshov, T. N., Asheshov, T., Kahn, S., and Lahiri, M.: Studies on Cholera Bacteri- 

ophage, Indian J. M. Research 20: 4, 1933, 

. Rakieten, M. L., and Bulgakov, N. A.: Personal Communication. 

5. Bulgakov, N. A.: Personal Communication, 

3. Applebaum, M.: Personal Communication. 

. Gratia, A.: Personal Communication. 

. Larkum, N. M.: Personal Communication. 

. Bulgakov, N. A.: Personal Communication. 

. d’Herelle, F.: Bacteriophage and Its Behavior, Philadelphia, 1926, Williams and Wilkins, 

p. 141. 

. Bulgakov, N. A.: Personal Communication. 

2. Appelman, R.: Le dosage du Bacteriophage, Compt. rend, Soc. de biol. 85: 1098, 1921. 

3. Sertic, V., and Bulgakov, N.: Sur une method d’évaluation de la virulence d’un_ bae- 
teriophage, Compt. rend. Soc. de biol. 111: 564, 1932, 

. MacNeal, W.: Personal Communication. 

). Ellis, A. W.: Discussion on the Bacteriophage, Brit. M. J. 2: 298, 1922. 

}. Gohs, W.: lLytie Action of Shiga Bacteriophage in Different Concentrations, Wien, klin. 

Wehnsehr. 38: 481, 1925. 

17. Zaytzeff-Jern, H., Howes, E. L., and Meleney, Frank L.: Studies in Bacteriophage. The 
Behavior of the Bacteriophage and the Bacteria in the Lesion After the Treatment 
of Acute Staphylococcus Skin Infections With Bacteriophage, J. LaB. & Ciin. MeEp. 
19: 1257, 1934. 





MALARIA STUDIES IN GREECE* 


A MopIricaTION OF THE UHLENHUTH-WEIDANZ PREcIPITIN TEST FOR DETERMINING 
THE SOURCE OF BLoop MEALS IN MosQuitoEes AND OTHER INSECTS 


J. B. Rice, M.D.. anp M. A. Barper, Pu.D., CAVALLA, GREECE 


HE aim of the modification of the Uhlenhuth-Weidanz precipitin test, here 

described, is to secure economy of time and materials. One eubie centi- 
meter of each animal precipitin serum suffices for the test of 700 or 800 
mosquito blood meals with a gain in accuracy as compared with the older 
methods. One person with an assistant to clean apparatus can do more than 
1,000 tests in one day. In investigations dealing with the source of mosquito 
blood meals, the number of variables is great, and abundant data are especially 
desirable. Anopheles are usually plentiful; the main obstacles in the past 
have been the expense of the precipitin sera and the time required to do the 
tests. 

COLLECTION OF MOSQUITO BLOOD MEALS FOR TESTING 


The fresher the blood to be tested, the better. In winter, mosquitoes kept 
alive nearly four days at low room temperature may yield blood which gives 
a fair test. In warm weather, blood often becomes black, scanty, or other- 
wise unfit for the test in less than one day. Our summer routine, especially 
useful where the mosquito collecting place is at some distance from the labora- 
tory, is as follows: Collections are made as early in the forenoon as possible. 
Collections from each bedroom, stable, or other locality-unit are transferred 
from a narrow catching tube to tube vials, each about 2 em. wide and 5 em 
high. These are tightly corked and put into a large thermos jug, porcelain 
lined and containing an abundance of ice. Vials are numbered and each num 
ber is entered on a card describing the locality in which the mosquitoes were 
taken. Vials of greater size may be used for larger collections, but many 
mosquitoes can be put into one vial of the size described. 

It is best to remove the blood from the mosquito stomachs on the day of 
collection, but fresh blood will keep in a well-iced thermos jug for twenty-four 
hours. We often use the same mosquitoes for the precipitin test and for the 


dissection of salivary glands for sporozoites, so it is convenient to keep the 
specimens until both tests can be made. The blood may, of course, be removed 
immediately after collection or the mosquito may be dried, blood and all. The 
extraction of the serum from a dried insect, however, is less satisfactory than 


from blood removed when fresh, especially where large numbers of testis are 
being done. 
In the laboratory, the mosquitoes are lightly chloroformed and the blood 
from each stomach is expressed on filter paper, preferably of a harder sort. 
*Received for publication, July 27, 1934. 
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It is best not to press the blood too deeply into the filter paper, as soaked-in 
blood does not yield its serum so well. We prefer circular filters, such as 
Whatman No. 5, 9 em. in diameter. The ‘‘blood-spots’’ are arranged at the 
margin, and labels are written at the center of the sheet. The sheets are 
kept in tightly closed tin boxes. It is possible to keep dried blood specimens 
many months, at all events when they are stored in a cold, dry place. 

The blood specimens are kept until many hundreds accumulate. Then 
on the day of testing, the spots are cut out and one is placed in each of the 
compartments of a long tray (Fig. 1). The tray may be made of tin or other 
metal, but must be so carefully jJapanned or otherwise coated that no metal 
is exposed. Each compartment is 5.5 em. long, 3 em. wide at the top, and 


2mm. wide at the bottom; the cross-section is thus nearly an isosceles triangle. 














Tray with compartments for extracting serum from mosquito blood meals. 


Three cubie ceatimeters of physiologic salt solution are then added 
to each specimen. More or less salt solution may be added depending 
on the amount and freshness of the blood, in respect to which blood meals 
vary widely. Our aim in this test is merely to determine the chief source 
of the blood meals of a considerable group; good specimens may be selected 
and a!! doubtful reactions thrown out. Using a precipitin serum prepared 
as described below, group reaction due to antigens common to different species 


of animals cause few or no cross reactions. Under these conditions, the per- 


missible degree of dilution of the antigen is a wide one, and 3 «.c. of salt 
solution answers for practically all tests of mosquito blood meals. 

The blood spots are allowed to soak for one hour at room temperature, 
the trays being shaken from time to time. It is not necessary to filter this 
solution, but it should be allowed to settle a short time before use so as to give 


4clear supernatant fluid in each compartment. 
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PREPARATION OF THE PRECIPITIN SERUMS 


We obtain serums furnished by the Instituto Sieroterapico of Milan, Italy. 
These serums are supplied in either a liquid or a dried state. The dried serums 
used by us were serviceable, but they contained a fine precipitate which had 
to be removed by filtration before use. It is possible that this precipitate was 
caused by bleeding the animals too soon after feeding. The liquid serums 
are preferable, but should be ordered long beforehand. They are furnished 
sealed in ampules and may be preserved many months at refrigerator tem- 
perature. We use antiserums for man, pig, horse, sheep, and cow. The num- 
ber and species of animals depend, of course, on the nature of the experiment 
and the region where the tests are made. 














Fig. 2.—Group of glass dishes for the diluted precipitin serums. 


In preparation for the test, the precipitin serums are diluted as follows: 
To each part by volume of serums are added seven parts of the following 
diluent : 
Sodium chloride 4.25 gm. 
Glycerine 166.0 «.e. 
Phenol 25 ex. 
Distilled water 330.0 ce. 


This diluent should be perfectly clear; if it is not, it must be filtered be- 
fore it is added to the serums. The glycerine should be nearly neutral. Its 
purpose is to add to the specific gravity of the fluid. The phenol, added to 
prevent the growth of yeasts or moulds, may be omitted if the diluent is used 
at once. With the phenol ingredient, the diluent will keep indefinitely; and 
after the addition of the precipitin serums, the mixture will be effective for 
as long as ten months without appreciable loss of strength when kept at ice 
box temperature and protected from access of air by overlaying with paraffin 
oil. One test sample kept well for weeks at summer room temperature. 

The titers of the various batches of serums are marked on the ampules 
‘*1:1,000, 1:2,000, and 1:3,000.’” However, several samples tested in this |abo- 
ratory have shown the titer to be closer to 1:5,000, and no variation in the 
amount of dilution has had to be made for different batches of serum. It is 
probable that if serums are used which have a lower titer than that mentioned 
above, the dilution will have to be correspondingly decreased; it wil! have 
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to be increased if the serums have a higher titer. In any case, a few simple 
tests on known blood meals will serve to indicate the proper dilution for any 
given precipitin serum. 

Immediately before the test, the diluted precipitin serums are placed in a 
‘‘hattery’’ of small glass dishes cemented on an ordinary glass slide (Fig. 2). 
Each dish receives a different animal precipitin serum, and these are always 
arranged in the same order, that is, man, pig, horse, sheep, and cow. 

The diluted stomach bloods of the mosquitoes and the precipitin serums 
are brought into contact by means of capillarity in glass tubes. These tubes, 
each about 6.5 em. long with a 2 mm. inside diameter, are sealed between two 


glass slides, one tube for each animal for whom the test is being made. Thus 



































Jb J 


of capillary tubes in which antigen and precipitin serums are brought into 
contact, 














Fig. 4.—Rack for holding “cards” of capillary tubes. 


there is a 5-tube unit, which we eall a ‘‘card’’ for want of a better term (Fig. 3). 
The tubes and the small dishes (Fig. 2) are so spaced that each tube of a 
ecard will touch aproximately the center of the precipitin serum in a dish when 
the tubes are lowered simultaneously. Only the long ends of the tubes are 
used, so that the material employed to seal them between the slides need not 
be transparent; ordinary black asphalt cement will do. 

In performing the test, the card is first brought into contact with the 
antigen (the diluted stomach blood) in one compartment of the tray (Fig. 
6, a), all tubes receiving the same antigen simultaneously. The liquid enters 

apillarity and rises a distance of about 1 em. Then all tubes are touched 

layer of wet absorbent cotton (Fig. 6, b) to draw out one-third of the 
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antigen and to wipe the bottoms of the tubes. Then the tubes are touched 
to the diluted precipitin serums, all tubes simultaneously. The precipitin 
serums flow into the tubes until the total height of the column, composed of 
antigen plus precipitin serum is again about 1 ¢.c. Whether touching antigen, 
absorbent cotton, or precipitin serums, a contact of a fraction of a second 
suffices. 

There is now a layer of each animal precipitin serums under a layer of 
antigen composed of the diluted blood of one mosquito stomach. The reac 
tion, consisting of a ring at the zone of contact of the two liquids, often 
appears within a few seconds, but it is best to read the result after about 20 
minutes. It is convenient to do about 80 stomachs, then read the results in all 
Cards are held in racks (Fig. 6, ¢) while awaiting the reaction and reading. 

In preparing the absorbent cotton (Fig. 6, b) a flat layer is wet with 
physiologic salt solution, and placed between glass plates; then, while the 
eotton and one plate are held together, the other plate is slipped aside, a 
process known to photographers as ‘‘squeegeeing.’’ The cotton layer lying 
on one glass plate is now placed in a shallow glass dish and physiologic salt 
solution is added until its level comes just below the level of the top of the 
cotton. The height of the cotton layer above the salt solution will regulate 
the amount of antigen drawn out, and the level of the salt solution may be 
changed if too much or too little antigen is withdrawn. It is essential that 
the cotton be nearly neutral, as the presence of acid in any considerable 
amounts in any part of the apparatus is likely to cause a nonspecifie pre 
cipitate due to the coagulation of the precipitin serum. 

It would seem that there would be danger of false reactions through mix- 
ing antigens from different mosquitoes in the cotton layer. Repeated tests 
for this source of error indicates that it does not exist. One may, of course, 
touch a different part of the cotton layer for each mosquito, but this precau- 
tion does not seem to be necessary. 

The diluted precipitin serums in the row of glass dishes is dipped until 
all is used. We have made careful tests to determine if a sufficient amount 
of antigen, coming from the tubes through repeated dippings, is left in the 
precipitin serums to impair the test. We found no evidence of such source 
of error. The inrush of the precipitin serums apparently carries with it any 
antigen which may have escaped the wiping on the absorbent cotton. In any 
case, a contamination with antigen would result in a general cloudiness of the 
precipitin serum, a condition readily detected and not easily confused with a 
positive reaction. 

A strong reaction may be read by simply holding the card before a bright 
light. But we have found it advisable to use a sort of observation box (Tig. 
6,d). This box is of wood, and is about 32 em. long, 9 em. wide, and 6.5 em. 
deep. It is painted black and is closed except for one end, which is left open 
for the eyes of the observer, and a space at the top of the other end about 8 
em. long. At this end there is a notch for holding the eard. It is convenient, 
and, where one uses a one-eighth dilution of the precipitin serum, necessary, 


to include in the box an ordinary square reading glass to magnify the ring. 
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The card is suspended in the open end of the box and held almost under a 
strong electrie light for reading. This arrangement avoids confusion due to 
reflected light. 

The rings formed where precipitin serums and antigen meet are narrow but 
sharp. The group reaction, cow + sheep, rarely if ever occurs when one uses 
the diluted precipitin serums as described here. An attempt is made to have the 
tubes perfectly clean (see method of washing described below), but if there is 
ever suspicion of confusing a ring with some precipitate on the outside of the 
tube, the card may be tipped slightly and the angle of the ring will change, that 


of the artifact remaining constant. 
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Fig. 5.—The lens-shaped ring appearing in a positive reaction. 
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ecipitin Serum } 




















_ Fig. 6.—The various kinds of apparatus arranged for making a large number of pre- 
cipitin tests. a, Trays for serum from mosquito blood meals. b, Glass dish containing wet 
absorbant cotton. c, Racks for holding “cards.” d, Observation box. e, Large dishes in Which 
“cards” are kept when not in use. 


Of great use in recognizing the precipitin ring is its biconvex lenslike form 
(Fig. 5). The reason for this form is seen when a test is made with the diluted 
precipitin serum colored with eosin or other aniline dye. The top of the pre- 
cipitin serum column is at first conical, not flat-topped. Owing to its greater 
Specitie gravity the cone soon flattens down, leaving a lens-shaped ring. 

The washing of the tubes in the ecard is important if proper capillarity is 
to be obtained in tubes of so large a caliber. They are washed thoroughly in 
sulphurie bichromate solution and are left in the solution overnight. All 
traces of this cleaning mixture are then washed out with tap water. After- 
ward, the cards are suspended in a large dish of distilled water where they 
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are left until they are needed. When they are to be used the distilled water 
is shaken out with a sharp jerk and the card is immediately brought into 
contact with the antigen without allowing the tubes to become dry. Im- 
mediately after the test is read, the contents of the tubes are shaken out and the 
eards are placed in a second dish containing distilled water or tap water. If tap 
water is used, about 3 drops of concentrated hydrochloric acid per liter should 
be added. Just enough acid is added to prevent the carbonates of the tap 
water from forming a precipitate on the outside of the tubes. Many tap 
waters will need less acid or none at all. Cards are left in this water until 
ready for the next test. One can use cards in this way all day. At night, or 
at the close of a series of tests, they are put back into the sulphurie acid- 
bichromate solution. On two occasions a precipitate has formed on the tubes 
which could not be removed by the acid bichromate solution. This precipitate 
was readily removed, however, by suspending the tubes in a strong sodium 
hydroxide solution for a few minutes. 

Glass dishes (made by any glass manufacturer) 26 by 7 by 7 em. are con- 
venient for keeping tubes in the cleaning solution. For the distilled water or 
tap water, large dishes of any kind will do if they are provided with racks 


suspended from the margin for holding the eards (Fig. 6, e). 


PROOFS OF THE RELIABILITY OF THIS MODIFICATION 


In working out this modification, we devised a microscopic method for com- 
parison. On large slides (those 2.5 by 8 em. are good) small drops of un- 
diluted precipitin serums are placed, several rows to a slide, and each row 
consisting of a different animal antiserum. Wax pencil lines separate the 
droplets. The droplets are allowed to dry and may then be used at once or 


stored in the refrigerator, protected from access of air, where their properties 


will keep for several weeks. In making the test, a drop of diluted antigen 
from one mosquito is placed on each dried droplet in a transverse row, that 
is, one comprising serums of all the animals for which the test is being made. 
On a second row, another antigen is placed, and so on. The slide is then put 
in a moist chamber for half an hour and the result finally read under the low 
power of a compound microscope. <A positive result, consisting of an opaque 
cloud of precipitin, is precise and clear, especially if antigen and precipitin 
serums are free from dirt. 

We have compared many series of tests by both the microscopic and the 
macroscopic capillarity modifications. The results agree remarkably well; per- 
fectly, when proper mosquito bloods are available. 

We have also tested the reliability of both modifications by the use of 
known serums of various animals and at various dilutions. But best o/ all 
have been tests on mosquitoes which have fed on animals, the species of which 
were known. In more than 1,100 experiments, mosquitoes were exposed to 
known pairs, man and cow or man and donkey, and the stomach bloods sub- 
sequently tested by the macroscopic capillarity method. In no ease did a 
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reaction appear for any animal other than for one of those bitten. Of the 
two methods, the macroscopic capillarity method is preferred, since it is just 
as precise and far more convenient. 

Doubtful reactions are thrown out, or, if material is valuable, the test is 
repeated. Usually one can get freshly fed mosquitoes for an abundance of 
unequivocal tests. The purpose of such tests to determine animal preferences 
of inseets does not usually require the identification of blood meals that are 
scanty or otherwise inadequate. 


All of our apparatus is homemade or bought in local markets, except the 


battery of dishes for the precipitin serums and some of the plain glass dishes 


for washing the ecards. These were made to order by glass manufacturers in 
Rome or Athens. If this method proves as serviceable to others as it has to 
us (we have done over 20,000 tests), it may be that some dealer will eventually 


furnish complete sets of apparatus at moderate cost. 





NOTE ON THE FIXATION OF SMEARS FOR BACTERIOLOGIC STUDY* 


FLORENCE lL. Evans, Pu.D., New Or-eEANsS, LA. 


T HAS been found by experience that the ordinary method of heat fixation 

is inadequate in the preparation of smears from certain types of material. 
Cultures of anaerobic spore formers are especially difficult to deal with, as 
the material dries in a varnish-like layer which washes off during the most 
careful staining procedures. Special methods of fixing such smears that have 
been advocated have been tried, but the results have not been altogether 
satisfactory. 

The following method of heat fixation has been found uniformly sueceess- 
ful in the preparation of smears from the anaerobic microorganisms and has 
been used exclusively for the past two years. The method is extremely simple 
and requires no equipment beyond that customary in any laboratory. 

The film is prepared by smearing the material on the slide in the customary 
manner. The slide is placed in the ineubator at 37° C. for one-half to three- 
quarters of an hour. It is then removed and put in the hot air oven at a 
temperature of 170° C. for ten minutes. Films prepared in this way can be 
Stained in the usual manner and remain firmly fixed to the slide. 

Slides of pathologic material containing organisms that are apt to mul- 
tiply at 37° C. ean be fixed in the 55° C. ineubator for fifteen minutes and 
then in the hot air oven. This method has been found very useful for material 
containing blood serum or tissue, but it is not as satisfactory for anaerobes 
as tle first method described. 


7 ‘From the Department of Pathology and Bacteriology of the Medical Center of Louisiana 
State \/niversity and the Charity Hospital of Louisiana. 
-eceived for publication, August 1, 1934. 
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BLOOD, Study of, in Normal Pregnancy, Dieckmann, W. J., and Wegner, C. R. Arch. 
Int. Med. 53: 529, 1934. 


In individual subjects, both plasma and whole blood cholesterol remain fairly con 
stant, although within rather wide limits, and they are not affected by food unless pro 
longed alterations in diet are maintained. 

Determinations of plasma cholesterol and plasma volume were made on various 
groups of women and also on the same women for the different periods of pregnancy 
The following conclusions are warranted: 

l. The variations and range of cholesterol in the same woman during pregnancy 
may be tremendous. The majority show an increase, which is apparent at from ten to 
fifteen weeks’ gestation. 

2. There is an average increase of 23 per cent at term and a decrease of 27 per cent 


at eight weeks postpartum. 


3. Cholesterol calculated as grams per kilogram shows an inerease of 35 per cent at 
term, and a decrease of 39 per cent at eight weeks postpartum. 

Variations in the total amount of cholesterol indicate an increase of 33.9 per cent 
at from twenty-six to thirty-five weeks of gestation, and an increase of 27.9 per cent at 
term. After delivery there is a constant decrease, amounting to 21.2 per cent at eight 
weeks postpartum. 

The increase in both the concentration and the total amount of cholesterol is prob 
ably not preparatory for lactation but is associated with other changes in the chemical 
equilibrium, which is so markedly disturbed in pregnancy. Further work is necessary to 
determine whether the increase in cholesterol in pregnancy is caused directly by the 


pregnancy or is the result of the other changes in the blood. 


BLOOD SEDIMENTATION, A Simplified Technique for, Van Antwerp, L. D. Am. Re\ 
Tubere. 29: 214, 1934. 


The method is as follows: 0.2 ¢.c. of a sterile 5 per cent solution of sodium citrate 
is drawn from a serum bottle under sterile technic. The needle is then removed from thi 
serum bottle cap and, following a venous puncture from a suitable vein, the syringe is 
filled to the 2 ¢.c. mark with blood, and removed from the vein. .A bubble of air is then 
expelled, the needle removed and replaced by a cap, and the capped syringe placed in a 
test tube rack for observation. The caps were made by breaking the needle from a dis 
earded hypodermic needle and filling the perforation with paraftin. A 24 gauge, L-inch 
needle seems best suited for use in the test. 

Readings, at the present time, are limited to a single one taken at the end of one 
hour, since additional information has not been obtained by the use of the curve plotted 
from the five-minute readings, nor any advantage observed in readings taken beyond the 
one-hour interval, as in the Westergren method. 

The advantages of this simplified technic may be considered as follows: The el 
ination of one or more steps in the determination of the index materially reduces the t1 
necessary for the procedure. The small amount of blood necessary (1.8 ¢.c.) allows 
use of a small hypodermic needle, which causes a minimum of discomfort to the pat 
and facilitates entrance to the small veins of children. A minimum of equipment is né 


sary and, once the syringe (which can be put to other uses in the private offic 


acquired, the apparatus can be found in any physician’s oftice, with the exception of 
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sterile citrate solution. The sterilization necessarily preparatory to the test is no more 
than is necessary for ordinary venipuncture. The index is determined by a single reading 


at the end of an hour, the apparatus requiring no attention during this time. 


MONILIASIS, Pulmonary, Bakst, H. J., Hazard, J. B., and Foley, J. A. J. A. M. A. 102: 


1208, 1954. 


In three cases of monilia infection of the lungs, the organism was the primary 
agent in two and in one an invader secondary to Bacillus tuberculosis. 

A marked variation in the clinical pieture of pulmonary moniliasis was observed 
n the cases presented 

Excellent results were obtained with the use of iodides and with iodides supplemented 
hy vaecine in the treatment of the cases of primary infection. 

There are means of demonstrating the relationship of Monilia recovered from the 
sputum to the disease process in the patient. Agglutination reactions proved to be of 
uncertain value in the establishment of a diagnosis. 

It is important to consider a diagnosis of pulmonary moniliasis in cases of unproved 
and atypical tuberculosis. 

It is suggested that, in the wide group of cases clinically classified as chronic bron 


chitis, Monilia should be considered as one of the many possible etiologic agents. 


ALCOHOL, Specificity of the Test for, in Body Fluids, Heise, H. Am. J. Clin. Path. 4: 
169, 1934. 


\ simple and specific test for alcohol in body fluids is deseribed below and its 
specificity has been demonstrated. 

Specimens of blood and urine may be preserved for at least a month. For blood 
use sodium fluoride, and urine, benzoie acid. 

The importance of the test lies in its ability to confirm a diagnosis of drunkenness 
for medicolegal purposes, as well as to give valuable information in differential diagnoses. 

\ preliminary survey of persons injured or killed in auto accidents suggests that 
aleohol may be a greater factor in such accidents than statistics indicate, and shows the 
importance of a nation-wide survey of the relationship of aleohol to automobile accidents. 

The chemical test for alcohol in body fluids will be an important factor in arriving 
at conelusions concerning the intoxicating abilitv of certain beverages. 

Method.—Distill mixture of 10 ¢.c. of urine with about 10 ec. of half saturated 
picric acid containing about 10 per cent tartaric acid, collecting the first 10 ¢.c. of the 


distillate and mix. In separate tubes similar to those used for the standards, place 1 e.e. 


in one, and smaller measured amounts in the others, making the volume up to 1 e.e. in 


each ease. Add 38 ¢.c. of the K,Cr,O, reagent (0.33 per cent in 50 per cent sulphuric acid) 
to each tube, and place in boiling water bath four minutes. Compare colors with those 
of the standard seale. Divide the reading by the fraction of a eubie centimeter of dis- 
tillate used, which gives the percentage of aleohol by weight. The use of several tubes 
permits close checking of the results and gives greater opportunity for having readings 
on the scale. 


STRONG PERMANENT STANDARDS 


BY WEIGHT 
PER CENT ALCOHOL 
0.0 7 1.00 
0.05 0.50 e.e. of 0.10 per e 0.50 
0.10 1.00 e.e. of 0.10 per ¢ 0.0 
0.12 0.60 ¢.c. of 0.20 per ¢ 0.40 
0.14 0.70 ¢.c. of 0.20 per e¢ 0.50 
0.16 0.80 ¢.c. of 0.20 per ¢ 0.20 
0.18 0.90 ¢.c. of 0.20 per e¢ 0.10 
0.20 1.00 e.ec. of 0.20 per 
0.22 0.73 ¢.c. of 0.30 per ¢ 0.27 


ALCOHOL BY WEIGHT WATER C€.C. 
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If results are too low to be read, use the weak standards, using 2 e.c. of the dis 
tillate and known smaller amounts, bringing the volume to 2 e¢.c. in each case, add 1 e.e. 
of the reagent and place tubes in boiling water twelve minutes. 

If blood is being tested take 2 ¢.c. of whole blood, plasma, or serum (all give the 
same results), add about 15 ¢.c. of the picric-tartarie reagent, and collect the first 10 e¢.c 
of the distillate. This is tested on the weak standard seale and the result multiplied by 5. 

To each tube add 3 e.c. of N/15 K,Cr,O, (0.33 per cent in 50 per cent H,SO,). Place 


tubes in boiling water four minutes and seal. 
WEAK PERMANENT STANDARDS 


PER CENT ALCOHOL 
BY WEIGHT 
~ 0.0 20) 
0.005 1.0 ee. of 0.01 per cent Al) 
0.010 20 e.e. of 0.01 per cent A 
0.013 0.52 e.e. of 0.05 per cent 
0.016 0.64 e¢.c. of 0.05 per cent 
0.019 0.76 ¢.e. of 0.05 per cent 
0.022 0.88 e.e. of 0.05 per cent 
0.025 1.00 e.c. of 0.05 per cent 
0.028 a .c. of 0.05 per cent 
0.031 es sc. of 0.05 per cent 
Be 
1. 
l. 


ALCOHOL BY WEIGHT WATER C.C. 


0.034 of 0.05 per cent 
0.037 of 0.05 per cent 
0.040 *. of 0.05 per cent 0.40 
Add 1 ¢.e. K,Cr,O, reagent to each tube. Place tubes in boiling water-bath twelv 


minutes. 


CANCER, Quantitative Modification of the Bendien Reaction in Sero-Diagnosis of Ma- 
lignancy in Filipinos, Clemente, M. Bull. San Juan De Dios Hosp. 8: 120, 1935. 


Blood from 55 cases recognized clinically as (a) clinically malignant, (b) clinically 


nonmalignant, and (¢) normal has been tested by the modified 3endien reaction (Lowe 


From the above study, the writer believes that: 

The modified Bendien reaction can indicate any precancerous tendency of benign tumors 

It can diagnose the presence or absence of malignant neoplasms. 

It can prognosticate the progress of cancer cases after treatment. 

The quantitative modified Bendien reaction is of value in the diagnosis of malignancy 
in both early and advanced cases. 

Normal and nonmalignant serum give similar reactions with the test. 

It compares favorably with other blood tests for malignancy. 


RAT-BITE FEVER, Acquired From a Dog, Ripley, H. S., and Van Sant, H. M. 
M. A. 102: 1917, 1934. 


Two cases are reported in which the animal vector was apparently the dog. 
following comments are noted: 

Kahn tests were strongly positive on both patients and the experimental dog 
survived, while the Kolmer Wassermann reaction was usually negative or weakly posi 

A patient suffering with dementia paralytica was inoculated with the spirilla 
developed a typical lesion and symptoms of rat-bite fever. 

Flagella were demonstrated only with Burri’s India ink method. 

The mouse proved to be a better diagnostic animal than the guinea pig. 

In one case, infection was contracted when no skin abrasion was noted, sugg¢ 
ease of penetration of the organism. 

The clinical course of the disease showed marked variation. 

A course of from three to six treatments with arsphenamine seems advisabl 
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ALLERGY, Recognition of the Allergic State by Tissue Examination: The Respiratory 
Tract and the Nasal Sinuses, Steinberg, B. Am. J. Clin. Path. 4: 169, 1934. 


There is a distinct histopathological picture of the mucosa of the entire respiratory 
tract and of the accessory nasal sinuses associated with the allergic (atopic) state. The 
morbid changes are of a similar nature in the atopic conditions of asthma, hay fever and 
rhinitis. In asthma, in addition to the lungs, the rest of the respiratory tract including 
the nose and almost invariably the accessory sinuses show these morbid changes. This 
constant pathological picture of the respiratory, nasal and sinus mucosa permits recognition 


of the allergic (atopic) state involving these organs. 


SUMMARY OF THE ESSENTIAL CHANGES CHARACTERIZING THE HISTOPATHOLOGY IN ALLERGIC 
SINUSITIS AND HAY FEVER 
1, Edema. 
2. Hyperplasia and hypersecretory activity of the goblet cells. 
3. Thickening and hyalinization of the basement membrane. 
Eosinophilic infiltration. 
Hypertrophy and hypersecretory activity of the mucous glands. 


Presence of mucus in lumen of sinus and glands. 


HISTOPATHOLOGY OF THE VARIOUS STAGES OF ALLERGIC SINUSITIS 


. aol GOBLET BASEMENT {AMOUNT OF| EOSINO- 
AGE MUCOUS GLANDS | EDEMA | z é ; ae 
| CELLS MEMBRANE MUCUS PHILIA 
Acute Hyperplasia | Moderate |Hyperplasia| Slightly thick- |Moderate | 75-90 per 
stage Hypertrophy to Hypersecre-| ened, granu to cent 
Hypersecretory marked | tory ac- lar or homo marked 
activity | tivity geneous 


| 
} 
| 
| 


Chronic Hyperplasia | Moderate |Hyperplasia| Greatly thick- | Moderate |35-90 per 
stage Hypertrophy | to Hypersecre- ened and to | cent 
Hypersecretory marked | tory ac- homogeneous marked 

activity and | tivity 
dilatation of 
glandular 
| lumina 
Remission | Hyperplasia Very Not Moderately to |Litile or |15 per 
Little or no hy slight apparent greatly none cent 
pertrophy thickened 
No secretory ac and homo- 
tivity geneous 


SUMMARY OF THE ESSENTIAL HISTOPATHOLOGICAL CHARACTERISTICS OF ALLERGIC (ATOPIC) 
MUCOUS MEMBRANES OF THE ENTIRE RESPIRATORY TRACT AND ACCESSORY NASAL SINUSES 
1. Hypertrophy and marked secretory activity of the mucous glands. 
Presence of large amount of mucus in lumina. 
Eosinophilia, from 15 to 90 per cent of all cells, 
1. Edema of tissue. 
. Thickening and hyalinization of the basement membrane. 
Hyperplasia of goblet cells with hypersecretory activity. 


CANCER, The Botelho Reaction as Modified by Itchikowa, Cruz, A. Bull. San Juan De 
Dios Hosp. 8: 95, 1934. 
is is but a preliminary report, hence the findings may still vary as the work is 
being continued. Basing from the above data, however, we can say that: 
the use of the modified method, the author was able to get 91.8 per cent positive 
results in cancer serum, as compared to 53.9 per cent positive results in the ordinary 
metho 
False results are eliminated by the previous correction of the serum to be examined 


to coniorm with the normal serum. 
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The interpretation of results in the modified method is more accurate than th 


ordinary method, since there must be a persistent precipitate in positive cases, and the 


tube remains clear in negative cases. 
The modified method is very sensitive for cases of carcinoma of the internal organs, 
especially carcinoma of the stomach. 


The ordinary Botelho reaction is unreliable as a serodiagnosis for cancer because it 


gives a positive result when there is an excess of globulins in the serum, irrespective of 


whether the serum is cancer or not. 

The percentage of albumin and globulin in cancer serum is variable. The albumin 
may be increased, decreased or normal; but the increase of globulin is found in those cases 
where there is a marked cellular disintegration in the tumoral mass or in those cases where 
the organism is greatly weakened as a result of the tumor. 

Globulin is markedly increased in infectious diseases, in malnutrition, and in immuni 


zation. 


CANCER CELLS, In the Blood Stream, Pool, E. H., and Dunlop, G. R. Am. J. Cancer 21: 
99, 1934. 


A large, hitherto undescribed cell was found in smears of the blood in 17 out of 40 
cancer cases. Apparently the same cell was found in one noncancer case. The significance 


and origin of the cell are not established. 


POLYARTERITIS NODOSA, Haining, R. B., and Kimball, T. S. Am. J. Path. 10: 349, 
1934. 


The term ‘‘periarteritis nodosa’’ does not accurately connote the morphological reali 
ties of the disease as we now know them. Dickson suggested ‘‘polyarteritis nodosa’’ as a 
name for this condition which seems a more descriptive term, free of misleading implica 
tions. 

A specific filtrable virus with a selective affinity for the small and medium sized 
muscular type arteries of the body is probably the cause of polyarteritis nodosa. Any 
organ or combination of organs may be affected at any time in the course of the disease, 
and the resulting clinical manifestations may be bizarre in the extreme. The visceral 
arteries are involved more frequently than those of the extremities, and the organs most 
commonly affected are the kidneys, heart, gastrointestinal tract, pancreas, muscles, peripheral 
nerves, liver, spleen, and cerebrum. 

Pathologically the inflammatory changes are not confined to the adventitia and 
periarterial connective tissue, as originally supposed. All the vascular coats are eventually 
involved and the primary changes take place in the media. Destruction of the media 
may give rise to aneurysm formation. Involvement of the intima with rupture of the 
elastic membrane may produce thrombosis. The process as a rule is progressive and in 
practically all of the reported cases there has been evidence of acute inflammatory changes 
superimposed upon the chronic reparative efforts. However, Arkin has described 1 case 
of histologic healing and he believes that in rare instances the process may come to & 
complete standstill. 
even 


Polyarteritis nodosa is seldom diagnosed or even suspected before autopsy, a) 
ld be 


at autopsy there may be no gross indications of its presence. The internist sho 
familiar with the cardinal symptoms of the disease and its notoriously capricious be 
Then, when the commoner possibilities have been carefully ruled out in a patie 


yior. 
with 


septic manifestations and varied symptomatology, polyarteritis nodosa should be given 


consideration. 
Carling and Hicks, and recently Schottstaedt have reported cases in which remission 


of symptoms seemed to follow the intravenous administration of arsenicals. 





10 
to a 
Plac 
sure 
actu 
ml, | 
dist: 


cool 


REL 


form 
form 
for j 
comy 
even 
are p 
in C; 
the J 
but 1 
the o 


ABSTRACTS 889 


PNEUMONIA, Lobar, Artificial Pneumothorax in the Treatment of, Behrend, A., and 
Cowper, R. B.G. J. A. M. A. 102: 1908, 1934. 


Eleven patients with unilateral lobar pneumonia were treated with artificial pneu 
mothorax to compress the affected lung, with two deaths. Neither of these fatalities could 
be directly attributed to the pneumothorax. 

The authors believe that collapse therapy is a rational form of treatment of lobar 
pneumonia, based on sound surgical principles. 

That lung tissue affected by lobar pneumonia can be compressed by air has been 
shown clinically, by roentgenograms and at autopsy. 

Artificial pneumothorax relieves the pain of pleurisy that frequently accompanies 
lobar pneumonia. 

[It is possible to induce a critical fall in temperature by artificial pneumothorax. 

The authors believe that artificial pneumothorax is neither a ‘‘cure-all’’ nor a 


‘‘therapia magna sterilisans,’’ but it has shown itself to be a valuable adjunct in the 
treatment of lobar pneumonia and even, we feel, a life-saving measure in some cases. 


The authors have seen no complications directly attributable to the procedure. 


ENDO MEDIUM, Can It Be Standardized? Conn, H. J., and Darrow, M. A. Stain Techn. 
9: 61, 1934. 


The following formula is recommended: Dissolve, by boiling 5 gm. beef extract, 
10 gm. peptone, and 30 gm. air-dried agar in 1,000 ml. distilled water. Adjust the reaction 
to about pH 7.4 and filter through cotton. Add 10 gm. lactose, and allow it to dissolve. 
Place in small flasks, 100 ml. to each and sterilize for fifteen minutes at 15 pounds’ pres- 
sure. Just before use prepare a 1 per cent solution of basie fuchsin (of 85 to 90 per cent 
actual dye content) in 95 per cent ethyl alcohol. Add 1 ml. of this fuchsin solution to 100 


ml. of the agar (melted); also 0.125 gm. anhydrous sodium sulphite dissolved in about 5 ml. 


l 


distilled water. The medium should be light pink while hot and almost colorless after 


cooling. 


RELAPSING FEVER, In Children, Varden, A. E. Am. J. Dis. Child. 48: 359, 1934. 


Symptomatically relapsing fever as it occurs in California resembles the African 
form of the disease. The symptoms are much more violent than those of the European 
form, for in Europe the disease is mild unless complicated by typhus fever, which accounts 
for its high mortality in that area. In Africa the mortality is high probably because of 
complications and because the victims there are usually in poor health, while in California, 
even though the disease is usually fulminating, it is generally uncomplicated and its vietims 
are persons in general good health. Prompt treatment is also a factor in the low mortality 
in California. 

According to Toyoda, there is a bacteriologic relation between the European and 
the American type, and there is also a relation between the European and the African, 
but none between the American and the African variety. The European type is between 
the other two. 
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EDITORIAL 








Creatine Metabolism with Especial Reference to Heart Disease 


HE réles of creatine and creatinine in the body economy have been sul) cted 

to much clinical, as well as fundamental, investigation in the past few years 
The great interest in muscle metabolism was sharply accentuated by the | inda- 
mental contribution of Fiske and Subbarow,' who discovered in living voluntary 
muscle a labile compound of creatine and phosphorie acid which was hyd! yzed 
when the muscle was activated by stimulation and resynthesized when the 
muscle recovered at rest. At about the same time the Eggletons? reported the 
finding of a very unstable form of organic hexose phosphate, a phosphoric ester 
of glycogen or a precursor of both lactic acid and lactacidogen. This phos))age! 
played a role, they found, in the chemical mechanism of contractility, a! 
now considered to be phosphocreatine. Fiske and Subbarow considered the 
phosphocreatine to consist of one molecule of creatine and one of phosphorie 


| it is 


890 





tal 
in t 
bro 
gen 
Cec, 
equ 
toe 
tec! 
in a 


it is 
and 
live; 
the 

fore 
insu 


lism 
or |e 
or f 
coeff 
four 
With 


ted 
ar’s 
\da- 
tars 
zed 
the 
the 
ster 
well 
it is 
the 


iorie 


EDITORIAL 891 


acid and to exist in the muscle cell wholly as the secondary potassium salt. This 
is relatively stable in an alkaline medium, but hydrolyzes with increasing velocity 
as the hydrogen ion concentration rises. The relation of phosphocreatine to 
glycogen remains fairly constant, as both decrease under aerobic conditions, 
while in an anaerobiosis the phosphocreatine disappears more rapidly than the 
elyeogen and therefore the ratio falls. Free creatine exists in the resting muscle 
to the extent of 20 per cent and increases threefold after fatiguing stimulation, 
according to Clarke and the Eggletons.* 

Many other investigators have made important contributions to this sub- 
ject. Vollmer* found phosphocreatine in much higher concentration in ven- 
tricular heart muscle than in the auricular muscle and it constitutes 75 per cent 
of the total creatine content of the heart. Pollack, Flack, Essex, and Bollman® 
found increasing values for phosphocreatine in the perfused dog hearts, in heart- 
lung preparations perfused with blood alone and with glucose and insulin added. 

With the establishment of the important réle of creatine in muscle metabo- 
lism, renewed interest in the origin of the substance has been manifested. The 
various amino acids, as the chemically related arginine and histidine, glycine, 
glutamie acid, and others have been tried with varying, but no unquestionable, 
success. Thus far no certain precursor of creatine has been experimentally estab- 
lished to the satisfaction of the accepted critics among the biochemists in this 
field. Many studies along these lines are being vigorously prosecuted. 


CLINICAL METHODS OF STUDY 


Evidence of disturbances in the creatine-creatinine metabolism may be ob- 
tained from carefully controlled studies of the blood and of the daily output 
in the urine. The modified Folin® method, which depends upon the Jaffe reddish 
brown color reaction of creatine to an alkalinized pure picrie acid solution, is 
generally employed. One determination of the endogenous creatine in a 2 to 10 
¢.c. specimen is made and subtracted from the total creatine determined in an 
equal 2 to 10 ¢.c. specimen of urine in which the creatine has been transformed 
to creatinine by hydrochloric acid and autoclaving for fifteen minutes. A similar 
technie is used for determining ereatine and creatinine in the blood filtrate and 
in a sulphurie acid digestate of wet muscle or tissue. 

Creatine does not occur in the urine of normal, healthy, well-fed adults, but 
it is to be remembered that in the extremes of life (childhood and senescence), 
and in starvation, febrile states, acidosis, diabetes mellitus, exophthalmie goiters, 


liver diseases, muscular dystrophies, cancer, wasting diseases, and in pregnancy, 


the exeretion of unstored or unconverted creatine oceurs. Creatinuria is there- 
fore significant only under controlled conditions and especially where there is an 
insured high carbohydrate intake. 

Creatinine is a normal urinary waste product of endogenous protein metabo- 
lism. It is the converted anhydride of creatine. Creatinine elimination is more 
or less constant for the same individual in normal activity irrespective of fluid 
or food intake as long as these are adequate and balanced. The creatinine 
coefficient is the number of milligrams of creatine excreted in the urine in twenty- 
four hours per kilogram of body weight. In man this varies from 18 to 32, 
with an average of 25; in women, 9 to 26, with 18 as an average. On rest in 
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bed we have found in disease as others have noted in health that the creatinine 
output decreases sharply and almost disappears. No reason for this is apparent 

Blood creatine and creatinine studies are being more vigorously prosecuted 
now that the new interest has been aroused in the subjeet. Creatinine has long 
been recognized as an index of the grade of glomerular damage. There is som 
dispute as to the presence of these substances normally, but in spite of these, 
figures of 4 mg. per cent of creatine and 1 to 1.8 mg. per cent of creatinine ar 
given and blood creatinine values above 2 mg. per cent are considered to indieaté 
abnormal retention. 


CLINICAL IMPLICATIONS 


The reports of Brand’ and his associates in patients with skeletal musel: 
dystrophies have given further impetus to human creatine-creatinine metabolic 
studies. In such patients there is either an excessive liberation of creatine, 
incomplete conversion into creatinine, or incomplete storage, and creatine ad 
ministered or formed is eliminated in high pereentage. In such experiments 
glyeocoll (amino-acetie acid) was found to increase the ereatinuria 40 per cent, 
with only slight urinary nitrogen rise. Alanine, sarcoecine and arginine produced 
slight rises and betaine a temporary rise, while glutamic and nueleie acids, 
histidine, tyrosine and cystine were without influence. Others have confirmed 
these findings and added to them. Glyecocoll has apparently produced chemical, 
as well as clinical, improvement in some muscular dystrophy patients. The 
increased creatinuria alone cannot be accepted as proof that glycocoll is a pre 
cursor; it may be primarily a mobilizer. 

Creatinuria was found in most of our patients with acute coronary throm- 
bosis and in a large percentage of the patients with acute congestive failure 
This was considered to be significant and probably the result of the general 
anoxemia and the acidosis. Starvation may have been a factor, but a high carbo 
hydrate cardiae diet failed to eliminate the creatinuria entirely. In most patients 
it gradually cleared up with rest in bed and digitalization. In some, glycocol! 
hastened the clearing of the urine of creatine. Under such circumstances it 
may have been the carbohydrate value that was the factor. In others, creatinuria 
persisted or cleared up for a day or two and reappeared. In a large series 0! 
patients followed day in and day out for months, the results show so man) 
unexplainable irregularities that conclusions cannot be drawn. 

The extensive studies of skeletal muscle chemistry have inaugurated anal- 
ogous studies of heart muscle, for most students of eardiae disease have long 
felt that ‘‘failure’’ must be chemical rather than mechanical. The large red 
beefy heart that autopsy often reveals in hypertensive patients who have died 
in congestive failure cannot be satisfactorily explained on the mechanical basis 
Cowan* has supplied evidence that supports the contention that chemical changes, 
in fact, creatine changes, may play an important role in failure of the heart. 


In his series of seventeen decompensated hearts, the creatine content averaged 


147 mg. per cent moist weight (79.47 per cent water), 50 mg. or 25.8 per cent 
less than the values obtained in the analyses of a normal series of 45 
averaging 202 mg. per cent moist weight, while fifteen hearts from patients w 
miscellaneous causes of death contained 165 mg. per cent. Septicemia, se 

age showed no influence on the creatine content of heart muscle. Cowa: 
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showed that the eardiae hypertrophy induced by nutritional anemia was accom- 
panied by inereases of creatine with increase in muscle mass, but the mass 
increases faster than the creatine. He found, however, that thyroxin feeding 
increased the muscle mass, but resulted in a loss of creatine. 

Seecot, Linegar and Mvyers® have demonstrated that the left heart has a 
higher content than the right ventricular wall. In 84 human hearts the mean 
was 188, the average 211 mg. per cent. The left ventricle averaged 21.9 per eent 
higher in creatine content than the right ventricle. Such studies as these strongly 
suggest that the functional capacity of the heart musele is closely bound up with 
the total creatine content. 

In a series of 12 dogs, kept on a creatine-creatinine-free diet for periods of 
several days to a week and showing no creatinuria, we'® produced myocardial 
infaretion by catheterization of the coronaries through the carotids and the 
injection of varying sized globules of mereury. These operations were carried 
out with a minimum of trauma, and the animals were fed a high carbohydrate 
solution by stomach tube in order to prevent starvation. A ereatinuria invariably 
resulted in two or three days and lasted for about a week. Evidently the cireula- 
tory changes brought about in these experiments contributed toward the pro- 
duction of a creatinuria. Chemical analyses" of the infarcted and the normal 
heart muscle showed a sharp drop in glycogen in the infarcted muscle imme- 
diately following the infaretion, apparently the result of the anoxemia. Edema 
detectable by a drop in total solids began to appear in the infarcted muscle 
within half an hour. The creatine loss in the infareted muscle was slight 
until after the fifth hour of infaretion after which diffusion from the damaged 
muscle was considerable and increased slowly. Analyses of infareted human 
heart muscle showed similarly low creatine values. 


In our further studies we!!! 


> made use of the isolated living rabbit heart and 
perfused it with an oxygenated Ringer-Locke solution in which the pH was 
maintained at about &, the carbon dioxide being washed out by suction. To the 
perfusate various amino acids were added, as glycocoll and alanine in 100 mg. 
per cent concentration, creatine, arginine, methyl guanidine, aspartic acid, and 
glutamie acid in 10 mg. per cent solution. Experiments were continued for six 
to ten hours and the hearts, when they had failed and were just responsive to 
electrical stimulation, were cut down, divided and analyzed for total creatinine, 
most of whieh, of course, is creatine content. 

A control series of hearts that had been perfused for a minute only, long 
enough to remove the blood, showed values from 144 to 161, with an average 
of 153 mg. per cent. The hearts perfused with the Ringer-Locke solution gave 
values of 123 mg. per cent, and most of the other amino acids gave only 
slight! higher values, some of which reached the control levels. Alanine and 
alanine-with-methyl-guanidine, however, gave total heart muscle creatine 
values distinetly above the controls. This work, of course, requires further 
confi latory studies. 

While matters are still in the experimental stage and nothing can be accepted 
as proved, nevertheless the field warrants further and intensive tilling. We may 


Possi'v be on the threshold of significant discoveries. At any rate the evidence 





894 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


at hand is sufficient to justify the conclusion that chemical factors, most likely 
those concerned with creatine as well as glycogen metabolism, probably play an 
important role in cardiac failure. 
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Item 


American Society of Clinical Laboratory Technicians 


The third annual convention of the American Society of Clinical Laboratory Technicians 
will be held at Haddon Hall, Atlantic City, N. J., June 10, 11, and 12. An unusually interest- 
ing program has been arranged and all clinical laboratory technicians, whether members of 


the society or not, are cordially invited to be present. 





Errata 


On page 708 of the April issue, the author’s name should read: ‘‘James J Short, 
M.D., F.A.C.P., New York, N. Y.,’’ and the first paragraph of the footnote should read: 
‘*From the Laboratories of the Life Extension Institute, New York,’’ omitting the remainder 
of the sentence. 








